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A mathematical model has been developed to predict the pefformance of any multi­
effect desalination with thermal vapor compression (MED-TVC). The model consists 
of mass and energy balances, rate equations, correlations for film heat transfer 
coefficients for horizontal fal l ing film evaporators, and correlations for physical and 
thermodynamic properties for saline water. The mathematical model has been coded 
using visual Basic and assigned the name MEDUAE. 
Computer simulations were executed, using the in-house developed program 
(MEDUAB) and the commercial software package Evapolund using design and plant 
operating data of 3 different MED-TVC desalination plants in UAB. The main 
objectives have been to calibrate and verify the general nature of the developed 
computer program, and to check some critical plant design values. The process 
variables that were used in al l simulations include the saturation temperature of vapor 
streams leaving each effect, the flow rate of water produced (plant capacity), the 
concentration of brine rej ected, the heat transfer area of evaporators at both clean and 
fouled conditions, and the overall heat transfer coefficients. 
The simulation results obtained from both MEDUAB and Evapolund are very similar, 
suggesting the rel iabil ity of the mathematical model and the in-house developed 
program. The results also revealed that, in designing this type of desalination plants, 
the process designers and plant contractors add a safety margin of about 1 0% to the 
heat transfer area of all evaporators to maintain the plant capacity at fouled 
conditions. 
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1. Introduction 
The importance of water, the essence of life on earth, and the strategic challenges to 
make it available to all peoples at an affordable cost can not be stressed enough. Fresh 
water is no longer the infinitely renewable resource that we once thought it was. The 
sea is the unlimited source from which we can create new fresh water through 
desalination. 
The rapid increase in population and the development of infrastructure in many third 
world countries triggered the need of installing large dual-purpose plants for power 
generation and seawater desalination. Thermal energy extracted from power plants is 
used effectively in the desalination plant. The desalination industry has grown rapidly 
during the last 5 decades. The IDA Worldwide Desalination Inventory Report No. 16 
demonstrates that a total of 13,600 desalination units, in 120 countries, with a total 
capacity of 26 Mm3/day have been installed. If all projects already in the bidding and 
planning stages are included, these figures become even bigger reaching 14,060 
desalination units with a total capacity of 31.4 Mm3/day. It should be mentioned that 
about 18 countries depend completely on desalination to satisfy the needs for the life 
and development of their population [1]. 
The Middle East countries, particularly the Gee States are the largest users of 
desalination technology, having more than 50% of the world's installed capacity. 
Demand for fresh water in the Gee countries is increasing at an even greater pace 
than that for electric power, increasing at an average annual rate of 10% in some 
countries. The challenge is to increase quickly the production of desalination plants by 
the application of new technologies to existing plants and moving forward with 
building new capacity efficiently integrated with new power plants. 
Figure 1.1 indicates that about 59% of fresh water produced through seawater 
desalination, all over the world, is produced in Gee countries and that about 12% are 
produced in the U.A.E. 
Saudi Arabia ranks first with 27% of the world's existing capacity, closely followed 
by the United Arab Emirates with 16.3%, and Kuwait comes third with 10% of 
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worldwide capacity. The world's largest dual-purpose plant is the AI Jubail Phase IT 
that produces 910,000 m3 desalinated water/day (240 MGD) and 1,300 MW of 
electric power has been operating since 1982. 
Generally, there are two main types of commercial large-scale desalination processes; 
thermal and membrane processes. The thermal processes are usually classified into 
multi-stage flash (MSF), multi-effect distillation (MED) integrated with either 
mechanical vapor compression (MVC) or thermal vapor compression (TVC). On the 
other hand, the membrane processes are divided into reverse osmosis (RO), mainly 
for seawater desalination and electrodialysis (ED), for groundwater desalination. 
For plants rated at more than 4,000 m3/day per unit (about 1 mgd), the MSF process, 
at 57.5% of the world installed capacity, is still much more dominant than the RO 
process with 27.6%. Thermal desalination processes constitute about 65% of the 
installed desalination capacity in the world and the balance (about 35%) is by RO. 
The MSF is the dominating process about 90% market share of all thermal 
desalination processes while the share of the MED process is about 10% [2]. The 
same applies to the Middle East countries where the thermal processes are dominant 
and the dual-purpose power and MSF plants constitute about 90% of all installed 
capacity. The share of the other water desalination processes, MED & RO, is 
increasing rapidly and it is expected to play an important role in the near future. 
1.1 Desalina tion in the UAE 
Abu Dhabi Emirate 
Figure 1.2 indicates that the Abu Dhabi Emirate has about 57% of the total production 
capacity of desalination plants in UAB. The Emirate has pushed ahead with a crash 
investment program in its desalination sector, which began with a production capacity 
of less than 5 MIGD (about 22,700 m3/d) in 1970 and reached about 200 MIGD 
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Figure 1.1: Fresh water produced from desalination plant around the world. 
Awerbuch [Sharjah International Leadership Symposium, 2001) reviewed the 
desalination market in DAE. Examples of the largest units include the dual-purpose 
AI Taweelah A2 MSF plant that produces 50 MIGD (about 227,300 m3/d) and 
generates 710 MW . Ai Taweelah A l  Build, Own and Operate (BOO) project included 
the acquisition of an existing plant that produces 29.2 MIGD (about 132,700 m3/d) 
and generates 255 MW . It will be expanded to up to 53 MIGD (about 240,900 m3/d) 
and 800 MW , using large-scale MED units provided by SIDEM. The Abu Dhabi 
Water and Electricity Authority (ADWEA) is planning to expand its plants at Dmm 
al-Nar facility to 150 MIGD (about 681,800 m3/d) and 1,750 MW . The recently 
approved Shuweihat project will be Abu Dhabi's largest dual-purpose plant, which is 
designed to produce 100 MIGD of water (about 454,000 m3/d) and 1500 MW of 
power. This project will see the largest MSF units ever built which includes 6 units 
with an installed capacity of 16.7 MIGD (about 75,900 m3/d) per unit [1]. 
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Figure 1.2: Water produced from desal ination in the UAE. 
1250 
- 200 0 
C> 
� 150 - J c:: 
0 
- 100 (.) ::J -. 
'0 
0 50 � 0-
0 
� 
., rl n n n n n I I I I I I I I 
year 











I I I 
Figure 1.2 indicates that Dubai Emirate has about 32% of the total production 
capacity of desal ination plants in UAE. The current installed desalination capacity in 
the Emirate is 148 MIGD (about 672,700 m3/d). In the review recently published by 
Awerbuch [Sharjah International Leadership Symposium, 2001), it was mentioned 
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that Dubai Electricity and Water Authority (DEW A) is expanding the Jebel Ali K 
Station Phase II. The Italimpianti and Siemens will build 3 MSF units with a total 
capacity of 40 MIGD (about 181 800 m3/d) and a combined cycle power plant of 850 
MW, respectively. DEW A is also planning to build, in two phases, the largest dual­
purpose plant in Dubai. The estimated total installed capacity shall be about 140 
MIGD of water (about 636,400 m3/d) and 1,400 MW of power. It is worth mentioning 
that DEW A requested the consultant study to include desalination plants of any type 
such as MSF of recycle and once through design, MED with TVC or MVC, RO, or 
any feasible hybridization of these processes. 
Sbarjab Emirate 
Figure 1.2 indicates that Sharjah Emirate has about 8% of the total production 
capacity of desalination plants in UAE. To meet the rapid development in the Emirate, 
Sharjah Water and Electricity Authority is building two MED units each of 5 MIGD 
(about 22,700 m3/d each) and is also planning to add an additional MED unit build, in 
two phases, the largest dual-purpose plant in Sharjah. 
Fujairab Emirate 
The Emirate is planning to build a dual-purpose plant for the production of 100 MIGD 
of water (about 454,500 m3/d) and 620 MW of power. The desalination plant will be 
the largest seawater MSF-RO hybrid plant in the world with 62. 5% of the installed 
capacity by MSF and the balance by RO. 
1.2 History of MED Desalination Plants in the UAE 
The history of MED- TVC desalination plants in the Gulf Region began in 1973 
when 2 units were installed at Das Island with a capacity of 125 m3/d each. Another 4 
MED-TVC units were installed 1979 at the Ruwais Refinery with a capacity of 1500 
m3/d each. The Abu Dhabi Water and Electricity Authority chose MED-TVC at low 
temperature for their developing program on a larger scale in order to satisfy the 
increasing water demand at the end of 1989. Reliability, high thermal performance, 
simplicity of equipment, plant life cycle and investment cost were the prevailing terms 
of selection. 
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The first :MED-TVC unit of 1 MIGD capacity was commissioned at Jabal Dhanna in 
December 1991, followed by another 2 units of the same capacity at Mirfa and 1 unit 
at Sileo Owing to the satisfactory operation and performances of these plants, Sidem 
built 5 more units of the same design. These are 1 unit at Dalma Island with a capacity 
of 1 MlGD, 2 units 2 MGD each at Jabal Dhanna in 1996. The other 2 units, 1. 5 
MGD each, were installed at Ras Al Khaimah in 1998. All these plants are stand 
alone, with seawater intake and pumping facilities, steam boiler, distillate water post 
treatment and storage [3]. 
The next step in size was made with the 2 units each of 3.5 MlGD that were built in 
1999 for the extension of Umm Al-Nar West desalination plant in Abu Dhabi 
Emirate. In the same year, the modern :MED-TVC process was selected for the 
extension of the Layyah desalination plant in Sharjah, resulting in the contract for 2 
units each of 5 MlGD [3]. 
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2. LITERATURE SURVEY 
2. 1 Multi-effect Distillation (MED) 
The multi-effect distillation process is the oldest process in the desalination industry 
and has been used since 1840. The market share in world capacity is 69 % for MSF, 
about 23 % for RO and about 8 % for MED [4]. However, as indicated in Chapter 1, 
the MSF process is loosing ground to the emerging new processes such as MED and 
RO because of high performance ratio and energy efficiency, and low capital cost 
compared with the MSF process. 
The MED plant consists of a number of evaporators and heat exchangers used for feed 
preheating, a final condenser, and a venting system. The number of effects in the 
MED process depends on the difference between the saturation temperature of the 
heating medium and the saturation temperature in the final condenser. The top brine 
temperature should not exceed 120°C to avoid calcium sulfate scaling, and the 
temperature at the bottom end condenser is limited to the normal temperature of the 
seawater used as cooling water [4]. 
To further increase the performance ratio of the MED process, different types of 
heat pumps can be used. The most commonly schemes are Thermal Vapor 
Compression CTVC) and Mechanical Vapor Compression (MVC). Absorption or 
Absorption heat pumps can also be used but no commercial plants have been installed 
with this type. 
The MED process can be designed in different configurations such as feed forward, 
feed backward, or mixed feed, depending on the way of pre-heating the feed. The 
design of the evaporator itself depends on the way the feed flows inside the heat 
transfer area. The most commonly used are horizontal or vertical falling film 
evaporators where the feed flows outside the tube bundle. The falling thin film results 
in high overall heat transfer coefficients and low specific heat surface areas compared 
with MSF [5]. 
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2. 1.1 Process Description 
The parallel feed mUltiple effect evaporation seawater desalination process is shown 
in Figure 2.1. The process consists of a number of evaporators, feed preheaters, 
flashing boxes, condenser and a venting system. In other words, a feed of seawater at 
Tew is introduced into the condenser [Mcw+Mr], where its temperature increases from 
the seawater temperature Tew to Tf. A part of this water Mew is rejected into the sea 
and is called cooling water. To remove the excess heat that is added in the first effect 
is the function of circulating the cooling water Mew in the condenser. The remaining 
part Mrof the seawater is chemically treated and pumped through the preheaters. 
In order to increase the performance ratio of the system, by increasing the temperature 
before the first effect, the seawater feed is heated by small amounts of vapor from 
each effect, and its temperature is increased from T r to Ti. 
After that, the feed water Mr is sprayed at the top of the first row down the succeeding 
rows of the evaporator tubes that are arranged horizontally. The brine temperature is 
raised to the boiling temperature corresponding to the pressure in the vapor space Ti 
before small portion of vapor Di is evaporated. It is worthy of noting that the heat 
required for preheating the feed and for evaporating Di is provided by steam inside the 
tubes, which condenses and releases its latent heat to the feed. But the temperature of 
the vapor produced in the first effect Tv is less than the boiling temperature TI by the 
boiling point elevation (BPE). The vapor generated flows through the demister to 
remove any brine droplets that are entrained with the vapor. The saturation 
temperature of the vapor leaving the demister is less than that of the produced vapor 
due to frictional pressure losses in the demister. The vapor passing the demister is 
transferred to the second effect where is acts as heating medium. 
The following step is that the unevaporated brine in the first effect (Mr- D1) flows to 
the second effect, which is operated at lower pressure. Vapor will form inside the 
second effect by two different mechanisms, by boiling the brine and producing D2, 
and by flashing the brine coming from the first effect owing to the lower pressure 
prevailing in the second effect. Because the flashing of distillate condensed in the 
second effect DI, another small quantity of vapor is formed in the flashing box. 
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It is noteworthy that the temperature of vapor produced by flashing is lower than the 
condensation temperature of distillate by the non-equilibrium allowance. The process 
that takes place in the second effect is repeated in each effect. On the other hand, the 
unevaporated brine flows into that last effect where it reaches its final concentration Xbn 
by evaporating more vapor. But the remaining brine Mb is rejected to the sea. The vapor 
formed by boiling and flashing in the last effect and in the flashing box are passed to the 
condenser. It is essential that the condenser and the brine preheaters must be provided 
with good venting to remove non-condensable gases. In fact, the presence of these gases 
not only impedes the heat transfer process but will also increase the pressure. It is also 
necessary to connect the vent for the last condenser to vacuum equipment to compress 
the non-condensable gases to the atmosphere. A steam jet ejector is usually used to 
create a vacuum in the process. As the vacuum is maintained on the last effect, the 
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unevaporated brine flows by itself from one effect to the next and only a blow down 
pump is required in the last effect. 
2. 1.2 Different Configurations of the MED Desalination Process 
There are three methods to classify the MED process. The first depends on the 
beating and distribution of the feed, the second on the type of tubes inside the 
evaporator, whereas the third depends on the arrangement of the evaporator train. 
Different Flow Sheets of the MED Desalination Process 
In general, there are three processes of MED, forward feed with preheaters, parallel 
feed with preheaters and parallel feed without preheaters. Each process is briefly 
described below. 
Fan-vard Feed with Preheaters 
The seawater feed is preheated stage by stage and fed into the hottest stage, then the 
feed is heated by the vapor as shown in Figure 2 .2.a. Afterwards the brine is 
transferred from effect to effect with increasing concentration and leaves the coldest 
effect with highest concentration [6] .  
Paralleled Feed with Preheaters 
Each evaporator is fed in the configuration with the same amount of preheated 
seawater as shown in Figure 2 .2 .b .  The thermal energy demand is slightly lower, 
compared with the forward feed process [ 6] .  On the other hand, the brine is 
concentrated to its maximum in each stage, and this may lead to scale formation in the 
hottest stage. 
Parallel Feed without Preheaters 
Seawater is fed to all evaporators after preheating only by the vapor in the condenser 
as shown in Figure 2.2 .c .  This configuration does not exceed 6 effects because ofthe 
high exegetic losses with increasing number of effects [6] .  
Different A"angements of the Heat Transfer Area 
There are three types of evaporator tube configurations; cl imbing film, vertical tube 
fal l ing film, and horizontal tube falling fi lm.  
13 
----------------- ----------- - --------- --------- ----------- ---- ------------------------- -------------------------- ---------- --------------- -- --- ----, 
Fi�. 2,2.a: FORWARD FEED WITH PREHEATERS(TYPE 1) 
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Fig.2.2.c: PARALLEL FEED WITHOUT PREHEATERS(TypE 3) 
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Vertical Tube Climbing Film Evaporators 
These evaporators may be of the natural or circulation type. Steam condensing on the 
outside of the vertical tubes containing brine, at a predetermined level, causes the 
brine to boil, vapor to be released and a thin film of brine to be established on the tube 
well. The vertical tube design provides good heat transfer characteristics, with good 
operation at low temperatures. The most important advantage of this configuration is 
self-draining. Hence the plant can be self-drained and off load corrosion can be 
minimized [7]. 
Vertical Tube Falling Film Evaporators 
The difference between this type and the climbing film configuration lies in the way 
of introducing the seawater feed. In this process, the seawater feed is allowed to flow 
as a thin film downwards the inside of the tube wall [5]. The brine has to be pumped 
from the bottom to the top of each effect. On the other hand, in the climbing film 
design the feed in each effect flows except at the lower temperature by natural 
circulation without using pump. The heat transfer coefficient achieved in both vertical 
tube arrangements can be increased by the use of fluted tubes but this will enhance 
scale deposit and only small amount of scaling is required to reduce the heat transfer 
coefficient [7]. 
Horizontal Tube Falling Film Evaporators 
The brine is distributed as a thin film over the outside of horizontal tubes. The 
heating steam condensing inside the tubes and releases its latent heat to the feed. High 
heat transfer coefficients can be achieved, and this design reduces both scale 
formation and corrosion of the tubes. The horizontal falling film evaporator is the 
most widely used in MED desalination plants. Its major advantage is the ability to 
handle seawater scaling due to high wetting rates and efficient water distribution over 
the heat transfer surface by large spray nozzles [7]. 
Evaporator Train Arrangements 
Generally, there are two ways to link the effects together to form an MED plant. The 
horizontal arrangement comes first where the effects are linked together horizontally, 
and the second is to stack all effect vertically. Therefore the multi-effect stack plants 
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can be arranged in two ways: simple MED arrangement where the evaporators are 
stacked one on the top of the other or a double stack configuration [4] .  
2.2 Comparison of MED with Other Desalination Processes 
The following comparison wil l be based on the performance ratio and primary energy 
consumption. 
2.2.1 Comparison between MED and MSF desalination processes 
AI Juwayhel [8] reported that the MED desalination system is more efficient from 
thermodynamic and heat transfer points of view, than the MSF desalination system. 
Likewise, the pumping power and specific heat transfer area required for the MED are 
about 20 % and 50 %, respectively, of those needed for the MSF [8] . The 24 stages in 
the MSF plants are equivalent to only 1 0  stages in the MED to give the same 
performance ratio. This means that, from engineering and construction point of view, 
the capital cost of the MED is about 50 % less than the MSF system with the same 
performance. 
Morin [9] stated that the MED offers recovery of almost 50 % higher than the MSF 
process for equal performance ratio . The electrical energy used for pumping in the 
MED process is 30% less compared to the MSF process for the same performance. 
The capital cost needed is 8 . 7$/gallon for MSF having performance ratio of 1 0, and 
7 .0 1$/gallon for MED having performance ratio of 8.  The operating and maintenance 
cost is $4.20/kgal for MSF and $3 . 3 5/kgal for MED [9] . 
Darwish and EI-Dessouky [ 1 0] compared the design characteristics of the MED and 
MSF desalination systems. They considered a reference MSF plant operating at a top 
brine temperature (TBT) of 90°C and a performance ratio of 8 .  This plant would 
require a specific brine circulation of 1 2 .67 kg/kg and specific heat transfer area of 
292 m2/(kg/s). With the same conditions for an MED plant (TBT = 90°C and PR = 8), 
the specific feed flow rate would be 2.6 kg/kg, and the required specific heat transfer 
area is about 1 60 m2/(kg/s). To achieve the same performance ratio of 8, the number 
of effects in the MED plant will not exceed 1 1  whereas the MSF plant would have 24 
stages. 
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2.2.2 Comparison between MED and RO desalination processes 
Wade [ 1 1 ]  reported that in the start of development, the MED has been developed in 
terms of unit size and in reducing energy consumption. Good water distribution over 
the heat transfer tubes is however critical to achieve a scale-free operation and to 
minimize the temperature difference between effects. The development of the RO 
process has been in terms of membrane technology and seawater pretreatment. 
Regarding energy consumption, the MED (PR= 1 2) and RO processes would require 
2 .3  and 4 .2  kWh/m3, respectively. As for water quality, the product water from MED 
is around 10-20 mg/l and for seawater RO is usually 400 mg/I . From the economic 
point of view, the unit water cost for MED is 0.953$/m3 and 0. 823 $/m3 for RO. 
2.3 Combination of MED with different heat pumps 
There are different types of heat pumps used to increase the performance ratio of the 
MED process. These types are briefly described below. 
2.3. 1 MED combined with adsorption heat pump (MED-ADS) 
In general, application of the adsorption heat pump is found in air-conditioning and 
ice making. The MED-ADS process is schematically shown in Figure 2 .3 .  The system 
includes an evaporator, a condenser unit, two adsorption beds and two heat 
exchangers, and has not been realized on commercial scale [ 8 ] .  
2.3.2 MED combined with absorption heat pump (MED-ABS) 
Absorption heat pumps are commonly used for air-conditioning and as energy saving 
system in the chemical industry. The MED-ABS process is schematical ly shown in 
Figure 2 .4 .  The system includes four main components, namely the generator, 
absorber, evaporator and the condenser. It has not been realized in the desalination 




Fonned vapor T 
.. 




� ;- , 
atin� I 




Figure 2 .3: Single effect evaporator driven by an adsorption heat pump. 
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2.3.3 MED combined with mechanical vapor compressor ( ME D  - MVC) 
The simple MED-MVC process is shown in Figure 2 .5 .  The MVC system is compact, 
confined and does not require extra heating system. The vapor leaving the last effect 
is compressed by a mechanical compressor and is used as a heat source in the first 
effect as described by Darwish & Aly [ 12] .  There is no need for either a heat source 
or a bottom condenser. The only energy required is the electrical energy to drive the 
motor require for the compressor. 
Certainly the MED-MVC has many advantages including moderate investment cost, 
easy operation, long l ife and the high purity product. Besides, it can operate at low 
temperatures (50-70°C) with no problems caused by scale and corrosion. It is  
especial ly  suitable for small-scale capacity applications in remote areas such as 
islands and mil itary camps. On the other band, Al Juwayhel [8]  reported that the 
disadvantages of the MED-MVC process include the need for high quality electrical 
energy, maintenance and spare parts requirement, moving parts of the compressor and 
large heat transfer area for the evaporator unit . 
2.3.4 MED combined with thermal vapor compressor (MED - TVC) 
In order to avoid the moving part problem in the MED-MVC process, we introduce 
the steam jet ejector to compress the vapor from the last effect using medium-pressure 
motive steam. The MED-TVC system is schematically shown in Figure 2.6. 
2.4 MED - TVC Desalination Processes 
Thermal vapor compression has a long history in desalination. The MED - TVC 
processes are considered to be a good alternative for water desalination concerning 
the low consumption of energy for small or medium scale plants [8] .  It is usually 
associated with multi- effect boil i ng with either vertical or horizontal tube 
evaporators. The compression process raises the vapor pressure and its saturation 
temperature to a temperature slightly higher than the temperature of the vapor to be 
generated in the first effect. The composition of the mixed vapor leaving the ejector 
wil l be partly motive steam and entrained low-pressure vapor. This ratio is about 0 .5 
if moderate pressure motive steam is used in the steam ejector and a large pressure 
difference between the sucked vapor and the compressed mixture is required. On the 
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other hand about 0.3 high-pressure motive steam wil l be needed in the ejector if the 
pressure difference is small [ 1 3 ] .  
The combination ofMED and TVC gives higher water productivity per unit heat 
transfer surface while keeping a high performance ratio. This wil l result in saving in 
the capital and operating cost of the plant [ 1 1 ] . For example, a four effect MED­
TVC process with a capacity of 1 5,000 m3/d has been reported yielding a performance 
ratio around 6 which is 70 % higher than that normally obtained from a conventional 
four effect boiling desalination system [ 1 4 ] .  
In  addition, a conventional multi-effect desalination plant with 7 or 8 effects will have 
a performance ratio less than 7. Using thermo-compression wil l increase the 
performance ratio to 1 1  or even higher. The plant capacity could be increased by 20 % 
compared with normal MED if the maximum brine temperature is 70°C . AI Juwayhel 
stated that the high performance ratio with few number of effects is the most 
important advantage of the MED - TVC process [8] .  Other advantages include good 
flexibility to load variation, minimum maintenance and reduced spare parts stocking 
due to the absence of moving parts, and good economy of construction, civil work and 
seawater intake that can result in a cost reduction of 3 5  % less than for MSF plants 
[ 1 0] . 
2.4.1 Process description orMED - TVC desalination processes 
The multi-effect thermal vapor compression system (MED-TVC) is shown in Figure 
2.6. General ly the flow sheet includes 4 horizontal fal ling fllm evaporators. 
Considering a quadruple effect plant, the seawater feed is first preheated in the 
condenser and in a distillate cooler. However, a part of the feed is rejected as cooling 
water and the remaining part Mr is divided into four equal streams, which wil l be fed 
at the top of each evaporator. Steam from the boiler is passed to the steam jet ejector 
to act as motive steam to suck parts ofthe vapor generated in the fourth effect. The 
mixture of motive steam and sucked vapor is then compressed in the diffuser section 
of the ejector to a pressure corresponding to the saturation temperature that is required 
in the vapor chest of the first evaporator. The mixed vapor leaving the thermo­
compressor can thus be used as the heating medium in the first evaporator. 
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Figure 2 . 5 :  Multi effect desalination with mechanical vapor compression (MED-MVC) 






















Owing to the pressure gradient in the plant, the vapor generated in the first effect is 
passed to the second effect as heating medium to raise the temperature of the water 
fal l ing down the horizontal tubes to its boil ing temperature and to boil off part of it 
and generate vapor that can be used in the third effect and so on. To increase the 
thermal performance of the process and at the same time to cool down the brine that 
will be rej ected to the sea, the unevaporated brine in the first effect is transferred to 
the second effect, which is maintained at a lower pressure. Part of this brine will 
therefore flash off to bring down its pressure to that prevail ing in the evaporator. 
Similarly, the condensate from the second effect is transferred to the third effect 
where it is flashed. Then the flashed vapors will be used as part of the heating medium 
required in the third effect. Both brine streams will be transferred to the third effect 
brine is discharged from the last effect as brine blowdown. The condensate stream 
collected from the four effects is transferred to the distil late cooler where it exchanges 
part of its sensitive heat with the seawater intake. 
2.4.2 Components of the MED - TVC desalination processes 
The MED - TVe system consists of evaporators, heat exchangers, a condenser, and a 
steam jet ejector as shown in Figure 2.6.  These components are briefly described 
below: 
The condenser has three functions as reported by [8] .  To begin with, the first function 
is its use as a heat sink to remove the extra heat from the system. This is achieved by 
preheating the seawater feed using the vapor generated in the last effect. The second 
function is to improve the thermal efficiency of the process. Partial preheating of the 
seawater feed by condensing a controlled portion of the vapor formed by boiling in 
the evaporator, instead of using expensive l ive steam, would fulfill  this goal . The third 
function is to adjust the boil ing temperature inside the evaporators by creating a 
pressure profile throughout the whole plant . As a matter of fact, the design of the 
condenser depends on its thermal load, which in turn depends on the amount of 
thermal energy to be removed from the system. 
The evaporators used in the MED - TVe process are not very different from the 
standard evaporators, which consist of the heat transfer area, the demister pad, and the 
vapor space. In principle, any type of evaporator can be used in the MED-TVe 
process. However, the fall ing film horizontal tube evaporator type is frequently used 
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as reported by Darwish & Aly [12]. In this type of evaporators, heating vapor or steam 
is flowing inside the tubes whereas the feed stream is evenly sprayed on the outside of 
the top row of the tube bundle where it falls in the form of a thin film down the 
succeeding rows of the horizontally arranged tubes. The latent heat of condensation of 
the heating vapor or steam is utilized to raise the temperature of the seawater feed or 
brine to the boiling temperature and evaporate some of the liquid water. In this way, 
the vapor thus produced passes through the demister to remove any entrained saline 
droplets before it is introduced to the next evaporator. Actually the design of the 
evaporator depends on the thermal load required and the flow rates of the water and 
the heating vapor. 
2.5 Steam Jet Ejectors 
Generally speaking, a jet ejector is a fluid pumping device in which a high pressure 
motive fluid achieves a pumping function. Certainly, such ejectors are commonly 
used for instance in about 90% of all chemical and petrochemical processes where 
they are integrated in separation processes such as vacuum distillation, filtration, heat 
exchangers, vetinging systems, condensers, and chemical reactors [15]. Owing to the 
simplicity of design and the absence of moving parts, jet ejectors are very reliable, 
require practically no maintenance and have a relatively low insulation cost. They are 
also less expensive to operate compared to mechanical compressors [16]. 
Steam jet ejectors are also used as heat pumps in modem MED - TVC desalination 
plants. The steam jet ejector is a converging-diverging nozzle used to increase the 
pressure of the vapor sucked from any effect in the plant cascade and use it as heating 
medium in the first effect. A typical steam jet ejector consists of a mixing chamber, a 
nozzle, and a diffuser section, as can be seen in Figure 2.7. The ejector can be used 
either to increase the pressure of the entrained vapor or to evacuate non-condensable 
gases from a vessel such as evaporators, condensers and heat exchangers [8]. 
2.5.1 Process description of steam jet ejectors 
The steam jet thermo-compressors or steam boosters with its corresponding state 










NOZZLE I, ZONE", DIFFUSER ·1 
I. THROAL .1 6 

















(Mev+Ms) I 5 
7 - _ _  4 















FIGURE 2 . 7 :  DIFFERENT PROCESSES IN 







vapor through the ejector, and the presentation of the process on the enthalpy ­
entropy (H-S) diagram are shown in Figure 2 .7 .  As can be seen, the ejector is used to 
increase the entrained vapor Mev from pressure P7 to a relative higher pressure P6. 
This process takes place through converting the pressure energy of motive steam Ms 
to generate vacuum and compress the entrained vapor to the required pressure. As the 
motive steam at flow rate of Ms expands in the nozzle from state 1 to state 3, its static 
pressure energy is converted to kinetic energy. The nozzle has a converging! 
diverging shape to expand the steam to velocities greater than the speed of sound 
(supersonic). The suction chamber is used to keep the nozzle properly positioned with 
respect to the diffuser and to direct the entrained vapor. To be more precise the 
entrained vapor Mev enters the suction chamber at pressure P3 where it mixes with the 
motive steam at point 4. The mixing process is violent and rapid; the two streams mix 
together as they pass through the converging section of the venturi diffuser (from 
point 4 to 5). The mixture enters the throat section of the diffuser, completely mixed, 
at the sonic velocity of the mixture. The combined mixed streams are self compressed 
through the diverging section of the venturi diffuser, where the cross sectional area 
increases and the velocity decreases, converting the kinetic energy of the mixture to 
static pressure energy. However the mixture leaves the ejector at a pressure P2 that is 
intermediate to the motive (ps) and suction (pc) pressures. 
In fact, the steam jet ejector must be designed and operated at critical conditions to 
allow normal and stable operation. This condition i s  associated with absence of 
violent fluctuations in the suction pressure. Thus if the ejector is designed to operate 
with a full stable  range, it will have a constant mass flow rate of the entrained vapor 
for different discharge pressures when the upstream conditions remain constant . The 
suction pressure must be less than 0 . 55  times the discharge pressure to obtain critical 
or stable conditions in the steam jet ejector. 
2.6 Mathematical Modeling of MED - TVC Desalination Processes 
In this section, the literature survey of the work done in the area of mathematical 
modeling of the MED-TVC system is reviewed. To begin with, Hamed [ 1 7] 
developed a model for a MED-TVC system consisting of four effects. The basic 
assumptions of his model include equal internal temperature for all effects, and 
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constant Cp for all water streams. But all effects were assumed to behave 
adiabatically. The model was used to study the effect of TBT and entrainment ratio 
(ER) on the performance ratio (PR) of the plant . It was found that the PR highly 
depends on the entrainment ratio. Hence the performance ratio increased as the ER 
increases. Increasing the TBT leads to a decrease in the performance ratio owing to 
the increase in the required thermal energy. 
EI-Nashar & Gamhiyeh [ 1 8]  developed a mathematical model for an MED system 
driven by solar energy. The assumptions of his model include no heat losses through 
the walls of the different effects, well mixed vapor and l iquid phases, salt-free product 
and saturated condensates leaving any effect, negligible pressure drop across 
demisters, the difference between the temperature of the vapor in the last effect and 
the seawater outlet temperature is 1 . 1  °C, and constant temperature difference of feed 
water across each preheater. It has been found that the flow rate of the product water 
increased by increasing either the flow rate or the inlet temperature of the heating 
water. This was caused by an increase in the rate of vapor formation in the heater and 
other effects owing to increase in the overall heat transfer coefficient resulting from 
increasing either temperature or flow rate of heating water. 
AI Juwayhel [ 8 ]  developed a mathematical model for a single effect evaporator 
system driving by four different vapor compression methods; namely thermal (TVC), 
mechanical (MVC), absorption ( ABS), and adsorption vapor compression (ADS). The 
comparison between the different methods was based on the performance ratio PR 
and the specific power consumption of the process. The assumptions made included 
constant heat transfer area for both the evaporator feed heaters in all effects. Contrary 
to other models, the effect of both the vapor leak to the venting system and the effect 
of temperature and salinity on the physical properties of water were considered in this 
model. Moreover, the variation in thermodynamic losses such as boil ing point 
elevation, effect of non-condensable gases and non-equilibrium allowance inside the 
evaporator and flashing boxes were also considered. The model was used to study the 
effect of boil ing temperature, velocity of brine flowing through the tubes of feed 
heaters, the tube material of construction, and tube bundle geometry on the required 
specific heat transfer area. It was found that both the specific surface area and the 
specific cooling water for all syst�ms investigated will decrease with increasing TBT. 
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The process performance increases at high motive steam pressures and decreases with 
increasing TBT. 
Hamed & Ahmed [ 14] developed a mathematical model for the MED-TVC system 
based on a number of assumptions which included constant (= 1 .0) entrainment ratio 
in the vacuum ejector, variable entrainment ratio in the thermo-compressor unit with a 
typical value of 0.8, constant Cp in all effects, and equal vapor temperature intervals 
for all effects. It was concluded that the performance ratio is highly affected by the 
entrainment ratio. A decrease of the entrainment ratio from 1 .4 to 0 .35 wil l result in 
increasing the performance ratio from 4 to 9 .5 .  
EI-Dessouky [ 1 9] developed a mathematical for a multi-effect parallel feed MED­
TVC desalination system. The assumptions of this model include constant and equal 
heat transfer area in all effects, and variations in thermodynamic losses and physical 
properties of water from one effect to another. The effect of any non-condensable 
gases on the heat transfer coefficient in the evaporators and feed heaters were also 
considered. It was found that the MED-TVC configuration gives higher PR than the 
parallel feed in the low temperature. The specific flow rate of the cooling water is 
lower in the MED-TVC. The specific heat transfer area was found to be the same in 
both configurations. 
2.7 Thesis Objectives 
The objectives of my thesis are to develop a general mathematical model to predict 
the performance of any multi-effect process with thermal vapor compression at 
different operating conditions. The model should be capable of designing new MED­
TVC plants as well evaluating existing ones. The intention was to use as few 
assumptions as possible  in order to predict the performance of real MED-TVC 
desalination plants as accurately as possible. The model has to be verified using 
available design and plant operating data for some MED-TVC desalination plants in 
the DAE. The computer code developed, based on the mathematical model, should 
also be compared with the commercial software EvapoLund. 
27 
3. Mathematical modeling of MED- TVC desalination 
processes 
3. 1 Assumptions 
The following assumptions of the model have been made: 
- Distil late product is salt free. 
- Negligible heat losses to surroundings. 
- Evaporator is incorporated with flash boxes. 
- Model variations in the thermodynamic losses (BPE) and the sum of 
other losses ( Pressure drop in the demisters, in lines connecting the 
evapor and for the vapor condensation inside horizontal tubes) and are 
inserted by the user. 
- The thermodynamic and physical properties of water vary and are 
functions of both temperature and salinity. 
- The effect of non- condensable gases on the thermal load of the 
evaporator is taken into account. 
- The non-equilibrium allowance for the flash boxes are considered. 
- The heat transfer area is assigned the same value for number of effects 
equal to 4 where difference for number of effects equal to 5 and 6 
the first evaporators and another value for the last evaporators in the 
plant. 
3.2 Basic model equations 
The mathematical modeling of the multi-effect thermal vapor compression 
system will be based on total mass balances, salt balances, energy balances, rate 
equations, correlations for the physical properties of sal ine water, and 
correlations for the thermodynamic properties of steam. In addition the model 
must include correlations describing the performance of the steam jet ejector 
and others for the calculation of heat transfer coefficients and thermal losses. 
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3.2.1 Evaporators 
Figure 3 . 1 shows the flow rates, sal inity, and temperature of all streams that enter 
and leave the evaporator. 
- Mass & salt balances: 
( 1 )  
(2) 
- Energy balance 
(3) 
The vapor produced in the first effect is used as heating source in the second effect : 
(4) 
(5)  
The thermal load of an evaporator: 
Qe = MsAs = MFCp(� - TFl ) + MvAv (6) 
Heat transfer rate equations: 
The required heat transfer area in the fIrst evaporator can be calculated from the 
following equations : 
Ae = 
MsAs = M Fep(7; - TF ) + M VI AV 
U. (T: - 7; ) Ue (T: - J; )  
(7) 
The overall heat transfer coefficient in the evaporator Ue can be calculated from the 



















3.2.2 Flash  vessels for brine and distiUate streams 
Flash vessels for brine streams 
Figure 3 .2 shows the brine flash that enter and leave the flash vessel .  
- The amount of vapor flashed from the brine flowing to the second 
effect V �2 : 
V '  = M C * (� - T' 2 )  b2 b l  PI A 2 
, 3 3  * l1T 055 (NEA ) 2 = 2 TY2 
Flash vessels for distillate streams 
The disti l late flash is shown in Figure 3 . 3 .  
- The amount of vapor flashed from disti l late in  the second effect: 
(Tc - T' 2 )  V '  = M * C * �....:..I __ -d2 dl PI A 2 
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(9) 
( 1 0) 
( 1 1 )  
( 1 2) 
( 1 3) 
( 1 4) 
( 1 5) 
Brine M b l  
T b l  
X b l  
Vapor Flash 
V' b l  
Tv2 
Brine remaining 
L 'b l 
T2 
X' b l  
Figu re 3.2 : Flash vessels for brine 
Disti l late Md t 




Distil late remaining 
Md' l 
T2 
Figure 3.3 : Flash vessels for d istillate 
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3.2.3 Preheaters 
The vapor - liquid heat exchanger is shows in Figure 3 . 4. 
- Energy balance: 
(Mv - NCG ). v + MFCPIT;n = MFCP2Tout 
- Heat transfer area for the preheater: 
Ah = M FCp(ToUI - 1;n ) 
Uh (IMTD)h 
(IMTD)h = Tout - 1;n 
In 
Tv - Tm 
Tv - TOU! 
3.2.4 M ixers 
The mixer of liquid streams is shown in F igure 3 . 5 .  
- Mass & salt balance: 
Mbl + Mb2 = MOJJt 
-Energy balance 
3.2.5 Steam jet ejector 
( 1 6) 
( 1 7) 
( 1 8) 
( 1 9) 
(20) 
(2 1 )  





Where Ps and Pv are the pressure of compressed vapor and entrained vapor, 
respectively. AI JuwayheJ [8] reported that the compression ratio C can be varied 
over a range from 1 .8 to 5, using one nozzel . 
The entrainment ratio (Ra) is defined as the mass flow rate of compressed vapor to the 
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Figure 3.4 : P reheater 







R Q  = 0 . 296 P� 04 Pm PCF 
1 19 [ ] 0 01 5 ( ) PI' Pv TCF 
PCF = 3 * 1 0 - 7 (Pm )2 - 0 . 0009 (Pm )+  1 . 6 1 0 1  
TCF = 2 * 1 0  -8 (Tv Y - 0 .006 (:tv )+  1 . 0047 
Where: 
Ra = Mm Mev 
Pm = pressure of motive stearn. 
Ps = pressure of compressed vapor. 
P v = pressure of entrained vapor. 
The pressure is in kPa and temperature in 0c. [8] 
3.2.6 Down condenser 
The condenser is  shown in Figure 3 .7. - Energy balance: 
- Heat transfer rate equation: 
(23) 
(24) 
The required heat transfer area in the condenser can be calculated from the 
following equation : 
Ac- (McW +MF) Cp (TF -TCW ) 
Uc(LMFD)c 
: (25) 
The overall heat transfer coefficient in the condenser Dc can be calculated 
from the foHowing correlation [8] . 
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Figure 3.6: Stea m Jet Ej ector 
Condansate 
Tv 
Figu re 3.7: Condenser 
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3.2.7 Heat transfer coefficients for evaporators and preheaters 
Heat transfer coefficients for evaporators 
The overall heat transfer coefficient for the fal l ing film evaporator where the brine is 
flowing outside the tubes and the vapor is condensed inside the tubes is related to 
the individual thermal resistances (he, hi , km , Rt" and Rfi) [20] : 
R 
r
o fi r. I 
h
o
(4J 1 I3 = 0.0004Reo.2 PrO.65 (q" )OA pK g 
� = 1 + � 
h Z O.95 f 
( 1 )0 8 
Z = x - 1 PrOA 
h, = 0. 023 Re0 8 Pro .• (i, J 





(3 1 )  
(32) 
The overall heat transfer coefficient is related to the individual coefficients. First of 
all the inside tube heat transfer coefficient hi is expressed by the equation [20] . 
(3293.5 +TA84.24 - 0. 1 7 14 Tr )-x f (8.47 1 +0. 1 16 1 X r +O.27 16Tf ) )  
h, = ---( d-. )0=-=---.2 -­
(O. 1 7�72) 
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(O.656 * v) 0 8 (:: J (33) 
The outside heat transfer coefficient ho [20] : 
ho = 0.725 {k/ P (PI - pJg A v / oof..t t,.Tt25 CJ C2 
CJ = l . 23795 + 0.353808 NJ - 0.00 1 703 5 NJ 2 
3 
C2 = 1 - 43 . 3 1 3 Xn, + 1 226. 8 X  2 - 1 4923X (,; nc nc 
NJ = 0. 564 .JN: 
4 M f N c = --2----''-----IT o, Pf Vf 
3.2.8 Physical Properties of saline water 
Specific heat (ep) 
Cp = (A + B T + C T2 + D T3)* 1 0-3 
Where the constants A, B, C, and D are expressed as fol lows: 
A = 4206.8 - 6.6 1 97 X + l . 2288* 1 0-2 X2 
B = - l . 1 262 + 5 . 4 1 78* 1 0-2 X - 2027 19* 1 0- 4 X2 
C = l .2026* 1 0- 2 - 5 .2S66* 1 0- 4 X + 1 08906* 1 0- 6 X2 
D = 6.877* 1 0-7 + 1 05 1 7* 1 0- 6 X - 4 04268 * 1 0- 9 X2 
Where T is the temperature in °C and X is the water salinity in glkg. 







? [ 1 + 1 . 373 * 10 - 3 * t - 2 . 72 * 10 - 3 * .J; * t + 17 . 86 * x - j 
x * t -
f3 = 1 3832 * 0 - 2 * * * ( t - 225 . 9 ) _  2583 * x * ( l - x ) ( 40 )  l . 52 1 x t t - 236 
Where, 
X = salt concentration, wt.frac. 
t = Temperature, K. 
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Dynamic Viscosity 
A = e 
(-3.794 1 8  + 604. 1 29/ (1 39. 1 8 +T)) 
B = I + C X + D X 2 
C = 1 .474 * 1 0 - 3+ 1 . 5 * 1 0 - 5 T - 3.927 * 1 0 - 8 T 2 
D = 1 .0734 * 1 0 - 5- 8. 5 * 1 O - 8 T + 2.23 * 1 O - 10 T 2 
Thermal Conductivity 
Log 10 (k) = Log 10 (240 + A * X) + 0.434(2 .3  _ 343 . 5  + B * X J (T + 273 . 1 5 ) 
Where, 
A= 2* 1 0- 4 
B= 3 . 7 * 1 0- 2 
C= 3 *  1 0- 2 
( JI I 3 1 T + 273 . 1 5 (647 .3 + C * X) 
k = Thermal conductivity kW/(m °C). 
T = Temperature 0c. 
X = Salt concentation glkg. 
Latent Heat 
A. = 2499. 5698 - 2 . 20486 T - 0.00 1 76T 2 
Liquid Enthalpy 
h = 0.58023 1 + 4. 1 5 1 9  T + 0.000354 T 2 
Vapor Enthalpy 
H = 2500. 1 5  + 1 .947036 T - 0.0 1 95 T2 
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4. M odel Sol ution 
The mathematical model described in  Chapter 3 has been coded using the visual Basic 
software. In order to verify this code, the commercial software Evapolund has also 
been used. One of the .MED - TVC units at Umm Ai-Nar West (power and 
Desalination Plant ) in Abu Dhabi was selected as a case study. The design data of 
this unit was used as input data to both softwares and the simulation results at 
different plant loads were compared. 
4. 1 The MED-TVC Program code using Visual Basic (MEDUAE) 
4.1.1 Design calculations of new MED-TVC desalination plants 
The model includes al l equations presented in Chapter3 . The input data needed to start 
the solution include: 
e The capacity of the plant Mt 
- Peed concentration Xf. 
e Maximum brine concentration allowed Xb. 
eTemperature of mixed vapor leaving the steam jet eject Tmix. 
e Number of effects n. 
- Outside and inside diameter of tubes. 
e Velocity of seawater fal ling from the distribution nozzle on the tubes of the 
evaporators. 
-Thermal losses without boil ing point elevation. 
eTemperature of rejected brine Tn. 
e Temperature of seawater intake T f. 
_ Inside and outside fouling resistances Rfi , Rfo . 
_ Thermal conductivity of the tube materials Km. 
- Percentage of NCG. 
The output from the program include: 
../ Area of evaporators and preheaters 
../ Temperature profile . 
../ Concentration in each evaporator. 
../ Peed, cooling water and steam required. 
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./ Overall heat transfer coefficients. 
Figure 4. 1 displays the procedure of the design calculations of new 
MED -TVC desalination plants. 
Step. 1 :  
- First of  all the program calculates the required flow rate of feed using 
equations ( 1  & 2), the temperature of brine in each evaporator is computed from 
the equations below: 




- After that the overall heat transfer coefficient is calculated from equation (8). 
- Then the new values for brine temperature are calculated from the equations 
below: 
L (_1 J = _1 +_1 + . . . . . .  + _1 Uj U1 U2 Un 
i1T. = Tmb: - Tn 1 U * :E _1_ I U. I 
I1T = 11T. * U1 I 1 U n 
T; = Tnru - I1T 
T, = T,-1 - 11T, 
(49) 
(50) 
(5 1 )  
(52) 
(53) 
_ The new values for the overall heat transfer coefficients are then calculated at 
new values of brine temperature using equation (8). 
- The BPE, Cp for feed, brine and distillate are calculated. The vapor 
temperature leaving the evaporators is then computed from: 
T,� = T - BPE - losses yJ I I 
- After that the latent heat is  obtained from equation (45). 
4 1  
(54) 
- Then the flow rate of vapor produced, brine flow rate and the concentration of the 
brine leaving the first evaporator is calculated from the equations below: 
v, -1 ( l + _V' + _VI_ + . . . . . . ] 
Vi+t A.vi+2 
B, = Mf - V,  
X, = (\�f J 





- For the second and remaining evaporators, the flow rate of vapor produced from 
flashing the brine and the dist i l late are computing using equations (9- 1 3 ) 
and are mixed together and pass to the next evaporator. The brine after flash is 
mixed with the brine produced from the boil ing process according to equations 
( 1 9- 2 1 ) .  
- The flow rate of motive and entrained vapor is calculated from equation (23 ). 
- The overall heat transfer coefficient and heat transfer area of preheaters are 
calculated from equations (25, 26). 
- Final ly the area of evaporators are calculated from equation (7), and are 
checked using the difference between them. If it is less or equal to the 
tolerance, the iteration are stopped and the program calculates the performance 
ratio, specific heat transfer area and cooling water. If the difference is more 
than the tolerance, new estimates for the temperature profile are computed 
using these equations: 
A = LA. m n 
(L\T, )New = (L\� tid (At I Am ) 






The objective of Step l is to find the temperature profile, evaporator heat load and 
the heat transfer area of evaporators. This is necessary to start calculating the 
individual thermal resistances 110, hi and hence the overall transfer coefficient and 
heat transfer area of evaporators. 
- Calculate the overall heat transfer coefficient for all evaporators by using 
equations (27-38) and data from Step ! .  
- Find new temperature T hi, BPE, T vi for al l evaporators. 
- Calculate the flow rate of vapor produced from the boiling and flash processes. 
- Calculate the heat load, Uei and Aei. 
- Calculate heat transfer for all preheaters. 
- Similar to Step 1 for the conditions. 
- Finally find specific heat transfer, cooling water and performance ratio. 
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Given Data 
M<t , Xr , Xb , T mix , T m , n , di do V (distrbution nozzel ) , Thermal losses 
without BPE, Tn , Tcw , RJi , Rfo , Km , NCG 
� 
Calculate 
Mr , Ti , Ui , CPfi , A.i 
+ 
Calculate 
Mvi , qi ,Mbi , V� , v�" ,S , Mev , Mm 
Ra , Cr , Ui and Ai for preheaters , Aei 
� 
Condition 
(Ael -Ae2) <= Tolerance 




Input data for Step 2 
% ,  Ti , Tvi , Ai ,BP� ,CPi 
� 
Calculate 
Pri , Rej , hOi ,h , Uei , Aei ,Ti ,Tvi 
• 
Calculate 
New ( A.j ,  Mvi , Xi , qi , Prj ,  v� , v�; )  
New (Mev , S , hoi , hi , Uei ,Aei ) 
+ 
Condition 
(AeI -Ae2) <= Tolerance 





Md )Cb , SMcw , Aei ,PR , Ac , sA 
Figure 4. 1 : Flow chart ofMEDUAE design calculations 
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4. 1 .2 Evaluation calculations of existing MED-TVC desalination plants 
The input data needed to start the solution include: 
• The capacity of the plant . 
• Feed temperature and concentration. 
• Brine temperature. 
• Heat transfer area of all evaporators. 
• Maximum brine concentration al lowed. 
• Temperature of mixed vapor leaving the steam jet ejector. 
• Thermal losses without boil ing point elevation. 
• Temperature of seawater intake. 
• Temperature of motive steam for the thermo-compressor. 
• Temperature of motive steam for the vent condenser steam ejector. 
The output from the program includes: 
./' The flow rate of seawater feed . 
./' Vapor temperature and vapor flow rate produced in  each evaporator. 
./' Brine concentration in each evaporator . 
./' Boil ing point elevations . 
./' Overal l heat transfer coefficients . 
./' F low rate of steam required, cooling water, motive steam and entrained vapor. 
./' Performance ratio. 
Figure 4 .2 shows the flow chart procedure of the evaluation model. 
- F irst of all the program calculates the required flow rate of feed seawater using 
equations ( 1 ,2) . 
- The BPE, Cp for brine are calculated. The vapor temperatures leaving the 
evaporators are then computed from equation (54). 
- Then the latent heat is calculated from equation (43) .  
- The flow rate of vapor produced, the flow rate and concentration of brine leaving the 
first evaporator are calculated from equations (55-57) . 
- The beat load of evaporator and steam required are calculated from equation (6). 
- The overall heat transfer coefficients are calculated from equation (7). 
- For the second and remaining evaporators, the flow rate of vapor produced from 
flashing the brine and the disti l late are computed using equations ( 9- 1 3 )  
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and are mixed together and passed to the next evaporator. The brine after flash is 
mixed with the brine produced from the boil ing process according to equations 
( 1 9-2 1 ). 
- The flow rates of motive and entrained vapor are calculated from equation (23). 
- Finally, the performance ratio, cooling water, and total distil late produced are 
calculated. 
Given date 
� ,Xf ,XB ,T mix ,T m ,T m(NCG) , T mix(NCG) , T bi ,Losses without BPE , 
Tfi. Tcw. A.i. NCG% 
Calculate 
Mf, BPE, T vi, �, Cp 
� 
Calculate 
Mvi, Mbi, Xi, V�l ,v�l , Ms, Mev, Mm, Qi 
, 
Calculate 
Dei, �w, MD, XB, PR 
Figure 4 .2 :  Flow chart for evaluation calculations 
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4.2 The com mercial software EvapoLund 
EvapoLund i s  a general computer code for all types of evaporation and flashing 
processes [2 1 ] . The code is written in Delphi with advanced graphic capabi l ity. The 
user can easi ly construct the flow sheet of the process on the screen. The output data 
can be displayed either graphically, or converted as a text file, or in any other form 
chosen by the user The results can be studied both for the whole plant such as 
concentration, temperature, and pressure profiles, and for a particular piece of 
equipment in the plant. 
The program is modular in structure and includes a number of modules describing 
different types of evaporators and heat exchangers, condensers, flash chambers, 
compressors, steam jet ejectors, etc. It also includes mixing and splitting modules for 
l iquid, steam and vapor streams. Each module has its own mathematical model . The 
program also includes a comprehensive database for the physical properties of 
seawater as well as other liquors. There is a l ibrary containing correlations used to 
compute heat transfer coefficients for different heat transfer surfaces and flow 
regimes. Account is made to all thermodynamic losses in the process such as boiling 
point elevation, non-equilibrium al lowance inside the evaporators and flashing 
chambers, temperature drops due to pressure drops in demisters, transmission lines, 
and condensers. 
Designed to be very flexible, the program can be used as an excellent tool for the 
simulation, design of process flow sheet, rating of all types of thermal desalination 
processes, as well as for sensitivity studies of different process parameters. 
4.2.1 Process Optimization 
Thermal desalination processes are very energy-intensive. The main economic factors 
that strongly affect the annual cost of an evaporation process are the capital (installed 
equipment cost) and energy (mainly steam) costs. The process configuration strongly 
depends on these costs that prevail at a specific location or country. The ultimate 
objective is to maximize the plant capacity and minimize the total annual cost. 
For the design of a new evaporation process, EvapoLund can therefore be efficiently 
used to optimize the process flow sheet that satisfies the overall objective of 
maximum capacity and minimum cost . 
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EvapoLund can also be used as a powerful simulation tool to investigate both 
technical and economic feasibi l ity of different alternatives for upgrading the plant 
performance of an existing evaporation plant. For instance, the flow sheet can be 
modified to increase the process capacity without increasing steam consumption. 
Minor or major flow sheet modifications can easily be simulated if the objective is to 
decrease energy cost keeping plant capacity at its current level . Changing the 
operating conditions of the plant and/or incorporating additional heat exchangers or 
expansion vessels into the existing plant are examples of minor flow sheet 
modifications. Major modifications may include the use of mechanical compressors or 
steam ejectors, adding more evaporators, or changing the type of the heat transfer area 
of existing ones. Depending on the required objective, different combinations of these 
modifications can easi ly and most efficiently be investigated using EvapoLund 
irrespective of the complexity of the flow sheet [2 1 ] .  
4.2.2 On-Line Monitoring o f  Process Performance 
Different types of scale are deposited on the heat transfer surfaces due to the direct 
contact of the liquor to be evaporated or condensed and the heat transfer surface 
where the heating or cool ing medium is flowing. This problem is experienced nearly 
in all evaporation processes covering a wide spectrum of different industries. Beside 
reduction in process capacity and in plant production during shut-down periods, scale 
formation can be a real plague and costly washing and cleaning schemes must be 
implemented to restore the process efficiency. 
In  an effort to optimize the cleaning scheme in a major food industry, a special 
version of the program has been designed and is currently being tested. It is integrated 
i n  a data acquisition system where the appropriate sampling frequency can be set. A 
l imited number of process variables are measured and the software uses the collected 
data for on-line monitoring of the process performance. This is done by the 
continuous computation and graphical display of the heat transfer coefficients in the 
heat transfer equipment of interest to the plant operators. The system compares the 
calculated and design values of the heat transfer coefficients and triggers an alarm in 
case of any malfunction that affects these values. This would alert the plant operators 
to bypass the malfunctioning equipment and start its cleaning scheme. 
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This version should be extremely useful to the plant engineer in situations such as 
start-ups, shutdowns, and different operating loads. For instance, it is easy to 
determine which process variables and how much these should be tuned to shift a 
plant from a partial load to a full load mode of plant operation [2 1 ] .  
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5. Case Studies fo r Differe n t  ME D-TV Desal i nation 
Pla n ts in UA E 
5. 1 Design Calcu lations 









Figure 5 . 1 :  Simplified flow sheet for the Jebel Dhannah and Dalma I sland plants. 
5. 1 .2 Design data for Jebel Dhannah and Dalma Island plants 
Product flow rate = 52. 6 1 1 kg/s ( 1 89.4 tlh) 
Brine reject concentration = 72.6 g/kg Feed temp. = 33 °C 
Non condensable gas = 0.22 % Feed concentration = 50.3 g/kg 
Steam saturation temp. = 22 1 °C Temp. of mixed steam = 62.7 °e 
Temp. of rejected brine = 48 °C Tube outside diameter = 19 mm 
Tube inside diameter = 1 7. 6  mm Losses without BPE = 0.3°e I effect 
Water distribution velocity = 2 .3  m1s Rfo = 0.032 (m2 oK! kW) 
Thermal conductivity of tube metal = 0. 1 (kW/m2 OK) 
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Figure 5 .2 :  Simplified flow sheet for the Layyah plant . 
5.1.4 Design data for the Layyah plant  
Product flow rate = 264 .44 kg/s (952 tlh) 
B rine reject concentration = 68 . 8  g/kg Feed concentration = 48 glkg 
Feed temp. = 33 DC Rfo = 0.03 1 (m2 oK! kW) 
Steam saturation temp. = 200 °C 
Temp. of rejected brine = 45 .5  °e 
Tube inside diameter = 27.6 mm 
Non-condensable gas = 1 % 
Temp. of mixed steam = 65. 7 °e 
Tube outside diameter = 29 mm 
Water distribution velocity = 2.0 mls 
Thermal conductivity of tube metal = 0.09 (kW/m2 OK) 
Losses without BPE (effects ] ,2, 3 )  = 0.42°e I effect and 0.5 °e I effect in 






Dist i l late 
5. l .5 Flow sheet for the Umm AI-Nar plant 
Cooling 
-{;?1 LZ1 l:;::=r-C;;/j C;=t- Water 
... �I � I A �.---------, Condenser .---_n:............., t I Sea Water o 
Brine Reject 
Figure 5 . 3 :  Simpl ified flow sheet for the Umm AL-Nar plant. 
5.1.6 Design data for U m m  AI-Nar plant 
Product flow rate = 1 84 . 1 33 kg/s (662 .87 tlh) 
Brine reject concentration = 73 g/kg Feed concentration = 52 g/kg 
Feed temp. = 3 3 °C Rfo = 0.032 (m2 oK! kW) 
Steam saturation temp. = 1 26 °C Temp. of mixed steam = 65°C 
Temp. of rejected brine = 44 .4  °C Tube outside diameter = 25 .4mm 
Tube inside diameter = 24 mm Water distribution = 2 .3  m/s 
Non-condensable gas = 0.42 % 
Thermal conductivity of tube metal = 0. 1 2  (kW/m2 OK) 




S.2 Evaluation Calculations 








Dist i l late 
Figure 5 .4 :  Simpl ified flow sheet for the Jebel Dhannah and Dalma Island 
5.2.2 Plant data for the Jebel Dhannah and Dalma Island 
Evaporator 1 2 3 
Vapor Temp.oC 58 .8  54. 8  50.9 
Area mi 3222 3222 3222 
Feed Temp. °C 48. 1 44 44 
Feed concentration = 50 .3  glkg 
Steam temp. = 22 1 °C 
Feed temp. = 33 °C 
Temp. of mixed steam = 62.7 °C 
Brine reject concentration = 72.6 glkg 
Product flow rate = 52. 6 1 1 kg/s ( 1 89 .4 t/h) 
Flow rate of brine reject = 1 1 9. 277 kg/s (429.4 t/h) 
















Figure 5 . 5 :  Simpl ified flow sheet for the Layyah plant . 
5.2.4 Plant data for the Layyah 
Evaporator 1 (A/B) 
Brine Temp.oC 62. 1  
Area m.! 9 1 00 
Feed Temp.oC 55 .4  
Distil late condenser temp. = 43 .9  °C 
Feed temp. = 3 1 .4 °C 
Temp. of mixed steam = 65 . 8  °C 
2(A/B) 
59.6 
9 1 00 
5 1 . 7 
Product flow rate = 294. 1 kgls ( 1 058.76 t/h) 
Brine reject concentration = 68 . 8  glkg 
on-condensable gas = 0. 1 % 
Flow rate of brine reject = 6 1 0 .83 kgls (2 1 99 tJh) 
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3(A/B) 4 5 
55 .8  50.7 45 .6 
9 1 00 4446 4446 
5 1 . 7 47 42 
Feed concentration = 48 glkg 
Steam temp. = 1 97 °C 
5.2.5 Flow sbeet for tbe Umm AI-Nar plant 
Mouye Steam 
{;?J - -[2J 
Cool i ng 
Water 
Condenser 
'-- t-- ----+,---..;--'=--,-...... _-oJ '--, r-r------r-;=tt::�=== L.,,:t'-"t _�_I--t Q 
� Wale' 
Brine Reject 
Figure 5 .6 :  Simpl ified flow sheet for the Dmm Al-Nar plant . 
5.2.6 Plant data for the Umm AI-Nar plant 
Evaporator 
Brine Temp. °C 
Area m 
Feed Temp oC 
Tm(NCG) = 1 9 1 . 95 °C 





Brine reject concentration = 73  g/kg 





Product flow rate = 1 85 .47kg/s (667. 7  t/h) 
3(AJB) 4 5 
55  5 1 . 32 48 .99 
6724 4453 4453 
52 48 .3  4 1 .06 
Feed concentration = 52 glkg 
Steam temp. = 1 24.36 °C 
Non-condensable gas = 0. 1 % 






4 1 .06 
6. Resu l ts a nd Disc u ssions for Different M ED-TVC 
Desa l i n a tion Pla n ts i n  UAE 
6. 1. Design Calculations 
Computer simulations were executed, using our own program (MEDUAE) and the 
commercial software Evapolund, to check the design data of 3 different MED-TVC 
desalination plants in UAE. The objectives have been to calibrate the mathematical 
model, to verify the general nature of the in-house developed computer program, and 
to check some critical design variables. The process variables that were computed in 
all case studies include the saturation temperature of the vapor streams leaving each 
effect, the flow rate of water produced (plant capacity), the concentration of brine 
rejected, the heat transfer area of all evaporators at both clean and fouled conditions, 
and the overall heat transfer coefficients. 
The simulation results of each case study are summarized in 5 tables and displayed 
graphically in two figures. Detailed output from both the developed computer 
program !\1EDUAE and the commercial software package Evapolund can be found in 
the Appendices. 
6. 1 . 1  The j ebal Dhannah a nd Dal m a  isla nd plants 
A) Vapor temperature 
Evaporator 
1 2 3 
Plant  design data 58 .8  54.8 50.9 
M EDUAE 58 .72 54. 78 50.85 
Evapolund 58 .7  54.76 50 .9 
A ( plant - MEDUAE) 0. 1 4  0 .07 0 . 1 0  






-0 .64 % 
-0.64 % 
B) Flow rate of product and brine concentration 
Product (kg/s) X reject (g/kg) 
Plant  design 52. 6 1  72.6 
MEDUAE 52. 6 1  72.6  
EvapoJund 52 .39 72. 5  
% A (plant - MEDUAE) 0 .00 0.00 
% A (plant - EvapoJund) 0.40 0 . 1 4  
C )  Heat transfer areas at clean conditions 
Evaporator 1 2 3 4 LA Units 
Plant design 3227 3227 3227 3227 1 2908 m2 
MEDUAE 2892 . 7  2892 . 7  2892 .7  2892 .7  1 1 5 70.8 m2 
Evapolund 295 8 . 5  2850.5  305 1 .2 2990 1 1 850.2 m2 
A (plant - MEDUAE) 1 0. 4  1 0.4 1 0.4 1 0.4 1 0.4 % 
A ( plant - EvapoJund) 8.3 1 1 . 7  5 . 4  7 .3  8 .2 % 
D) Heat transfer areas at fouled conditions 
Evaporator 1 2 3 4 LA Units 
Plant design 3 227  3227 3227 3 227 1 2908 m2 
MEDUAE 3227.8 3227. 8  3227 . 8  3 227.8  1 29 1 1 .2 m2 
Evapoluod 3286.2 3 1 72 .2  3 3 70.4 33 89. 1 1 3 2 1 7.9  m2 
A (plant - MEDUAE) 0 . 0  0 . 0  0 . 0  0.0 - 0 .02 % 
A (plant - EvapoJund) - 1 . 8  1 . 7 -4.4 -5 .0  - 2.4  % 
E) Overall heat transfer coefficients at clean and fouled conditions 
Evaporator 1 2 3 4 Units 
MEDUAE (Clean )  3 . 82 3 . 7 1  3 . 55 3 . 4 1  kW/(m20C) 
MEDUAE (Fouled) 3 . 4 1  3 .3 1 3 . 1 9  3 . 07 kW/(m20C) 
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Discussions 
1 .  Both programs gave very simi lar simulation results for the saturation 
temperature of the vapor leaving each effect as can be seen in table A and Fig. 
6 . 1 .  The relative difference varies from about 0. 1 %  for the first 3 effects to 
about 0.6% for the last effect . 
2. MEDUAE predicted exactly the same results for the plant capacity and the 
concentration of the rejected brine as can be seen in Table B. The relative 
difference of the results obtained using Evapolund are 0 .40% and 0. 1 4%, 
respectively. 
3 .  Tables C and D reveal that the designer engineers and the contractors of  both 
plants al lowed for a safety margin of about 1 0% in the heat transfer area of the 
evaporators. This is  an interesting result. Although the process is considered a 
low - temperature process, the design calculation of the contractors were 
apparantly based on fouled conditions to ensure that the plant will del iver the 
nominal capacity even at the worst fouling conditions. 
MEDUAE gave exactly the same results at fouled conditions while the relative 
difference of results obtained using Evapolund varied in the range 5 .4  - 1 1 . 7% 
for clean conditions and 1 . 7 - 5 .0% for fouled conditions. This may be 
explained by the difference in the correlations used in both programs for the 
calculation of film heat coefficients. 
4 .  Table E and figure 6 .2  show the results obtained by MEDUAE for the overall 
heat transfer coefficients at both clean and fouled conditions. The average 
difference between both data sets is 1 0 .4%, which reflects the results obtained 
for the heat transfer areas discussed above. 
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E ---- Plant des ign Q) � ----+- MEDUAE 
� 0 50 � Evapolund a. ro 
> 
45 +-----------,---------------------� 
1 2 3 4 
Evaporator 





� 3 4  - . 
Q) 
:::J 3.2 
Ue Vs. Evaporator 
3 �I----------�----------�---------, 
1 2 3 4 
Evaporator 
----+- MEDUAE(Clean) 
____ MEDUAE (Fouled) 1 
Figure 6 .2 . Computed overall heat transfer coefficients as function of evaporator 
number for clean 
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6. 1 .2 The l ayyah pla n t  
A) Vapor temperature 
Evaporator 1 2 3 4 5 Units 
Plant design 6 1 . 7 57 .7  53 .7  48.9 44.0 °C 
MEDUAE 6 1 . 5 57.4 53 .3 47.5 42 .4  °C 
Evapolund 6 1 .6 57.4 53 .4 49 44 . 1  °C 
A (plant - :MEDUAE) 0.3 0 .5  0 .7  2 .9 3 .7 % 
A (plant - Evapolund) 0.2 0.5 0.6 -0.2 -0.2  % 
B) Flow rate ofproduct and brine concentration 
Product (kg/s) X reject (g/kg) 
Plant design 264. 44 68.8 
MEDUAE 264.78 68.83 
Evapolund 265.95 68.88 
% A (plant - MEDUAE) -0. 1 0 .0 
% A (plant - Evapolund) -0.6 -0. 1 
C) Heat transfer areas at clean conditions 
Evaporator 1 2 3 4 5 LA Un its 
Plant design 9 1 00 9 1 00 9 1 00 4446 4446 3 6 1 92 m2 
:MEDUAE 8 1 44.4 8 1 44.4 8 1 44.4 3862.9 3 862.9 3 2 1 59 m2 
Evapolund 8 1 00 . 8  8 1 00 . 8  8 1 00 .8  3 9 1 7.0 39 1 7.0 3 2 1 36 m2 
A (plant - MEDUAE) 1 0. 5  1 0 . 5  10 .5  1 3 . 1 1 3 . 1 1 1 . 1  % 
A (plant - Evapolund) 1 1 .0 1 1 .0 1 1 .0  1 1 . 9  1 1 .9  1 1 .2 % 
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D) Heat transfer areas atfouled conditions 
Evaporator 1 2 3 4 5 6 
Plant design 9 1 00 9 1 00 9 1 00 4446 4446 3 6 1 92 
MEDUAE 9 1 1 5 9 1 1 5  9 1 1 5  4422 4422 36 1 89 
Evapolund 9037 . 7  9037 . 7  9037 . 7  43 87.0 4387.0 35995 
tt (plant - MEDUAE) -0.2  -0.2 -0. 2  0 .5  0 .5  0 .0 1 
tt (plant - Evapolu nd)  0.3  0 .3  0 .3  1 . 3 1 . 3 0 .54 
Discussions 
1 .  Both programs gave small different simulations results for the saturation 
temperature of the vapor leaving each effect as can be seen in table A and Fig. 
6 . 3 .  The relative difference varies from about 0 .2 to 0.6% for Evapolund while 
the corresponding values delivered by MEDUAE vary in the same range (0.3 
to 0 . 7%) for the first three effects, and increase to 2.9 and 3 . 7% for effects 4 
and 5, respectively. This may be explained by the difference in the iteration 
procedures applied in both programs. MEDUAE first starts with solving for 
the the first three effects, and uses the output from the third effect as input data 
to the fourth effect . 
2 .  MEDUAE predicted similar simulation results for the plant capacity and the 
concentration of the rejected brine as can be seen in Table B .  The relative 
difference of the results obtained using Evapolund are somewhat higher; -
0.6% and - 0. 1 %, respectively. 
3 .  Tables C and D reveal that the design engineers and process contractors of this 
plant allowed for a safety margin of about 1 1 . 5% in the evaporator areas. 
Again, the contractor' s design calculations for this low-temperature process 
were based on fouled conditions to ensure that the plant wil l  deliver the 
nominal capacity even at the worst fouling conditions. 
MEDUAE gave very small relative differences in the simulation of the heat 
transfer area of evaporators at fouled conditions with values ranging from about 








using Evapolund are very simi lar except for the last two effects where it 
reached 1 . 3%. 
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Figure 6 .3  : Plant deslgn data and computed vapor temp. as functlon of 
evaporator numbers. 
Area Vs. N umerber of Evp. 
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8000 l • Plant 





1 2 3 4 5 
Evaporator 
Figure 6. 4 : Plant design data and computed heat tansfer area as function. 
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6. 1 .3 The U m m  A L-Na r  plan t  
A) Vapor ten7perature 
Evaporator 1 2 3 4 5 6 Units 
Plant design 6 1 . 3 57 .7  54 50.3 46. 7  43 °C 
MEDUAE 6 1 . 5 58 .0  54.6 50.6 47. 1 43 . 8  °C 
Evapolund 6 1 .6 58 .0 54 .4 5 1 . 1  47.5 43 . 7  °C  
A (plant - MEDUAE) - 0.3 - 0.5 - 1 .0 - 0.6 - 0.9 - 1 . 8 % 
A (plant - Evapolund) - 0 .5  - 0 .5  - 0 .7  - 1 .6 - 1 . 7 - 1 .6 % 
B) Flow rate ofproduct and brine concentration 
P roduct (kg/s) X reject (g/kg) 
Plant design 1 84 . 1 3  73 
MEDUAE 1 84 . 1 3  73 
Evapolund 1 85 . 30  73 . 5  
% A ( plant -MEDUAE ) 0.0 0 .0 
% A ( plant  -Evapolund ) - 0.6 - 0.7 
C) Heat transfer areas at clean conditions 
Evaporator 1 2 3 4 5 6 Un its 
Plant design 6724 6724 6724 4453 4453 4453 m2 
MEDUAE 6 1 02 . 8  6 1 02 . 8  6 1 02 .8  3987.7 3987 . 7  3987 . 7  m2 
Evapolund 599 1 . 1  599 1 . 1  599 1 . 1  4 1 93 4 1 93 4 1 93 m2 
A (plant - MEDUAE) 9.2 9.2 9 .2 1 0.4 1 0.4 1 0.4 % 
A (plant - Evapolund) 1 0. 9  1 0. 9  1 0. 9  5 . 8  5 . 8  5 . 8  % 
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D) Heat transfer areas atfouled conditions 
Evaporator 1 2 3 4 5 6 
Plant design 6724 6724 6724 4453 4453 4453 
MEDUAE 6724 6724 6724 445 3 . 5  4453 . 5  445 3 . 5  
Evapolund 665 1 .2 665 1 . 2 665 1 .2 4656 4656 4656 
A (plant - MEDUAE) 0 . 00 0 .00 0 .00 - 0. 0 1  - 0.0 1 - 0 . 0 1  
A (plant - Evapolund) 1 .08 1 . 08 1 .08 - 4. 50 - 4.50 - 4.50 
Discussions 
1 .  Both programs gave very similar simulation results for the saturation 
temperature of the vapor leaving each effect as can be seen in table A and Fig. 
6 . 5 .  The relative differences are below 1 % in the first 3 effects and below 2% 
in the last 3 effects. 
2. MEDUAE predicted exactly the same results for the plant capacity and the 
concentration of the rejected brine as can be seen in Table B .  The relative 
differences of the results obtained using Evapolund are relatively small ;  - 0.6 
% and - 0.7 %, respectively. 
3 .  Tables C and D show the simulation results obtained by both programs for the 
heat transfer areas at clean and fouled conditions. The results revealed the 
same trend regarding the safety margin of about 1 0% taken by the design 
engineers and process contractors to account for the worst fouling conditions. 
It should be mentioned that all nine evaporators ofthis plant have equal areas. 
However, the first 3 effects have dual evaporators which means that the heat 
transfer area of each effect is 50% higher than the corresponding value for the 
last three effects which consist of one evaporator vessel each. The total heat 
transfer area of all evaporators i s  3 3 5 3 1 m
2. 
For the clean conditions, the relative differences of the results obtained from 
both programs for the total heat transfer area of all evaporators are 9 .8  % for 








For the fouled condition , MEDUAE gave exactly the same re ults as the 
de ign values. On the other hand, the relative difference of the results obtained 
from Evapolund for the total heat transfer area of all evaporators is 1 . 2 %. 
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Figure 6.6 : Plant design data and computed beat tansfer area as function. 
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6.2. Evaluation Calculations 
Plant operation data of two different MED - TVC desalination plants in U AE was 
col lected, analysed and used as input data in both computer programs. The main 
objectives have been to verify the general nature of the in-house developed computer 
program, and to check some critical design variables such as plant performance. The 
process variables that were computed in both case studies include the saturation 
temperature of the vapor streams leaving each effect, the flow rate of water produced 
(plant capacity) the concentration of brine rejected, and overall heat transfer 
coefficients. 
The results of each case study are summarized in 4 tables. Detailed output from both 
computer programs can be found in the Appendices. 
6.2. 1 The Layya h plant 
it) J7apor ten1]7erature 
Evaporator 1 2 3 4 5 Units 
M EDUAE 6 1 . 1 7 58 .68 54.90 49.82 44. 75 °C 
Evapolund 6 1 .20 5 8 . 70 54.90 49.80 44.80 °C 
� (Evapolund - MEDUAE) 0.05 0 .03 0.00 - 0.04 0. 1 0  % 
B) Flow rate of vapor produced 
Evaporator 1 2 3 4 5 Units 
MEDUAE 40. 08 39.94 40.09 27. 1 4  24. 29 kg/s 
Evapolund 39.6 3 8 . 3  3 8 . 7  30 .8  3 1 . 7 kg/s 
� (Evapolund - MEDUAE) - 1 . 3 - 4. 3  - 3 . 6  1 1 . 9 23 .4 % 
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C) Overall heat transfer coef icients 
Evaporator 1 2 3 4 5 Units 
MEDUAE 2.88 6 .88 3 .63 3 . 53 3 . 1 3  kW/(m2 °C) 
Evapolund 2 . 82 6 .25 3 . 3 9  3 . 3 5  3 . 38 kW/(m2 °C) 
A (Evapolund - MEDUAE) - 2. 1 - 1 0. 1 - 7. 1 - 5 .4 7 .4 
D) Flow rate of product water (plant capacity) 
Distillate (kgls) 
Plant 294. 1 8  
MEDUAE 293 . 1 2  
Evapolund 295.82 
% A (plant - MEDUAE) 0.36 
% A (plant - Evapolund) - 0.55 
Discussions 
1 .  The predicted values obtained from both programs for the saturation 
temperature of the vapor leaving each effect are displayed in Table A. As can 
be seen, the relative difference is almost nil ! .  
2 .  The predicted values for the flow rate of vapor produced in each effect are 
tabulated in Table B .  The large difference in the results for the last two effects 
can be attributed to the difference in the si mulation of the flashing processes. 
In Evapolund, the brine leaving one effect is mixed with the feed stream and 
enters the following effect at a temperature that is near to to the boiling 
temperature prevail ing in that effect. This will increase the amount of vapor 
produced from the effect due to the flashing process. On the other hand, 
MEDUAE is programmed to flash the brine in a separate vessel outside the 
evaporator body. The flashed vapor is used in the next effect. 
67 
% 
3 .  The relative difference i n  the simulation results obtained for the overall heat 
transfer coefficients varies from 2. 1 % to 1 0. 1  % as can be seen in Table C. 
The variation can be partly attributed to the difference in the flow rate of vapor 
produced in each effect, as was explained above. 
4. Both programs gave very similar simulation results for the plant capacity as 
can be seen in Table D. The relative differences are about 0.5  %. 
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6.2.2 The U m m  AL-N a r  plant  
A) Vapor temperature 
Evaporator 1 2 3 4 5 6 Units 
MEDUAE 6 1 . 0 1  57 .48 54.03 50.39 48.07 44.44 °C 
Evapolund 6 1 .00 5 7 . 50 54.00 50.40 48. 1 0  44.40 °C 
A (Evapolund - MEDUAE) 0.00 0.03 - 0.05 0.02 0.06 - 0.09 % 
B) Flow rate a/vapor produced 
Evaporator 1 2 3 4 5 6 Units 
MEDUAE 23.24 22.83 22.75 1 5 .68 1 3 . 1 3  1 3 .87 kgls 
Evapolund 23 .08 22. 5 5  22.96 1 8 .42 1 3 .59 1 6.24 kgls 
A (Evapolund - MEDUAE) 0 . 7  1 .2 0 .9  1 4 .9 3 .4 1 4 .6  % 
C) Overall heat transfer coefficients 
Evaporator 1 2 3 4 5 6 Units 
MEDUAE 4.07 3 . 1 3  3 .24 2 .90 5 . 07 2 .80 kW/(m2 °C) 
Evapolund 3 . 98 3 .08 3 . 1 4 3 . 1 8  4.69 2 .72 kW/(m2 °C) 
A (Evapolund - MEDUAE) - 2. 3  - 1 . 6  -3 . 2  8 .8  - 8 . 1  - 2.9  % 
D) Flow rate of product water (plant capacity) 
Distillate (kg/s) 
Plant 1 85 .47 
MEDUAE 1 85 . 56 
Evapolund 1 85 .44 
% A (plant - M EDUAE) - 0.04 
% A ( plant - Evapolund) - 0.0 1 
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Discussions 
1 .  The predicted values obtained from both programs for the saturation 
temperature of the vapor leaving each effect are displayed in Table A. As can 
be seen, the relative difference is almost nil l .  
2. The predicted values for the flow rate of vapor produced in each effect are 
tabulated in Table B .  The large difference in the results for some effects can be 
attributed to the difference in the simulation of the flashing processes, as was 
explained earlier. 
3 .  The relative difference i n  the simulation results obtained for the overall heat 
transfer coefficients varies from 1 . 6 % to 8 .8  % as can be seen in Table C .  The 
variation can be partly attributed to the difference in the flow rate of vapor 
produced in each effect, since the computed U - values are function of this 
process variable, as was explained above. 
Both programs gave very similar simulation results for the plant capacity as 
can be seen in Table D. The relative difference is almost nil l .  
7 0  
7.Concl usions 
1 .  Mathimatical model has been developed to predict the performance of any 
MED-TVC process. 
2 .  The model has been val idated both by Evapolund and plant design and 
operating data. 
3 .  The software was successfully tested for design and evaluation of a number of 
different MED-TVC plants in UAB. 
4. Simulation results revealed that process designers add a safety margin of about 
1 0% to maintain plant capacity at fouled condition. 
7 1  
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- Heat transfer area, m2 
- Boiling point elevation °C 
- Heat capacity , kI/kg °C 
- Compression ratio 
- diameter , m 
- Enthalpy of vapor , kJ/kg 
- Heat transfer coefficient , kWI (m2 DC) 
- Thermal conductivity , kWI (m DC) 
- Logarithmic mean temperature difference , °C 
- Mass flow rate , kg/s 
- Number of tubes 
- Number of effects 
- Non-equil ibrium al lowance 
- Pressure , kPa 
- Pressure correction factor 
- Performance ratio 
- Heat transfer rate , kW 
- Heat flux W/m2 
- Tube radius, m 
- Fouling resistance , m2 °C/kW 
- Specific heat transfer area m2 I ( kg product ) 
- Specific cooling water flow rate ( kg cooling water I kg product) 
- Temperature drop, °C 
- Temperature of vapor formed by flashing process, DC. 
- Temperature , °C 
- Temperature, k. 
- Temperature correction factor 
- Overall heat transfer coefficient kW/m2 °C 
- Flow rate of flashed vapor kg/s 
- Salt mass fraction kglkg 
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Greek 
p - Density , kg/m3 
Il - Dynamic viscosity , kg/em s) 
Iv - Latent heat , kJ/kg 
8 - Tube radious, m 
v - velosity, mls 
X - Vapor phase mass fraction 






- Prandtl number [Cp Il / k] 
- Reynolds number [p v dill] 
- Brine 
- Cooling water 









- Entrained vapor 
- Feed seawater 
- Inside 
- Motive steam 
- Outside 
- Steam 
- Vapor state 
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Design C alculations for Jebel Dhannah and Dalma Island Plants 
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S ummarizing Evaporator values 
Va por out L iquid out 
E vaporator Temp.  F low A rea U-value Temp Conc. F low Bo i l . p .  e l  
No.  (C) (kg/s) (m2) kW/(m2,C)  (C) (mf) (kg/s) (C) 
2 9  4 7 . 3  1 1 .52 3 , 2 86 . 2  3 . 07 4 8 . 1  0 069 3 1 . 54 0 .8  
2 0  5 0 . 9  1 2 .65 3 , 1 72.2  3 . 1 9  5 1 . 7  0 . 0 7 1  30.35 0 . 8  
1 1  54 . 8 1 3 .74 3 , 37 0 . 4  3 . 3 1  5 5 . 7  0 . 074 29.34 0 . 9  
5 5 8 . 7  1 4 .49 3 , 3 89 . 1  3 .40 59.7 0 . 076 28. 59 1 . 0 
S u m :  5 2 . 3 9  1 3, 2 1 7 . 9  
22/1 1 /0 1  03'57 . 27 
Summarizing Evapora tor valu es 
Va por  out L iquid out 
E va po rator T e m p .  F low A rea U-v a l u e  Temp Cone . F low Boi l  p e l  
N o :  (C) (kg/s) (m2) kW/(m2,C)  (C) (mf) (kg/s) (C) 
2 9  4 7 . 3  1 1 . 5 2  2 , 9 5 8 . 5  3 . 4 1  48 . 1  0 . 069 3 1 . 54 0.8 
2 0  5 0 . 9  1 2 .65 2 ,850 .5  3 .55 5 1 . 7  0 . 0 7 1  30.35 0.8 
1 1  5 4 . 8  1 3 .74 3 , 0 1 5 . 2  3 .70 55 .7  0 . 074 29.34 0 . 9  
5 5 8 . 7  1 4 .49 2 ,9 9 0 . 0  3 .85 5 9 . 7  0 . 076 28. 59 1 0 
S u m  5 2 . 3 9  1 1 , 8 1 4 . 2  
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f4- Area of Ev. m2 
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-
Area of 




[1"-. . . . 
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49.29-- r4�44 � -
j2.96'�- fio-�� r3.93�� 
- - ----- r�56 -- r - --1 0.68 1 0. 53 I 
f 8.31 - Motive steam j 30.33 --kg/s 
[264. 76-- Entrain vapor kg/s f44.20
--
1 68. 83 Brine Reject r 609.90 
I kg/s 
f3. 34j-· 
:::;ummarlzlng evaporator values 
V;1PDf out Liquid out 
Evaoorator Temo. Flow Area U-value Temo Cone. Flow Boi l . p. el, 
No: (C) (kg/s) (m2) kW/(m2,C) (C) (mf) (kg/s) (C) 
76 42. 1  29.98 3,91 7.2 2.74 42.9 0.069 61 4.23 0.8 
66 48.5 25. 1 3  3 ,91 7.2 2.98 49.3 0.068 563 .47 0.8 
50 53.9 33.93 8 , 1 00.8 3.31 54.7 0.068 254.45 0.8 
49 53.9 33.80 8 , 1 00 .8 3 .31  54.7 0.068 253.43 0.8 
34 57.8 35.29 8, 1 00 .8 3.44 58.7 0.068 1 68.99 0.8 
30 57.8 35. 1 5  8 , 1 00.8 3 .44 58.7 0 .068 1 67.84 0.9 
9 6 1 .8  35.71 8 , 1 00 .8 3 .58 62.7 0.068 83.64 0.9 



























25. 1 0  4,387.4 




35 .96 9,073.7 
36.01  9 ,073.7 
265.96 63,21 7.0 




2 .96 54.7 
2 .96 54.7  
3.07 58.6 
3.07 58.6 
3 . 1 8  62 .7 
3. 1 8  62.7 
Liquid out 
Cone. Flow Boi l .p. e l, 
(mf) (kg/s) (C) 
0.069 61 1 .61 0.8 
0.068 560.84 0.8 
0.068 253.25 0.8 
0 .068 252 . 1 0  0.8 
0.068 1 68. 1 9  0.8 
0.069 1 66.95 0.9 
0.069 83.20 0.9 
0.069 83. 1 4  0.9 
Des ign Calculations for Umm Al-Nar Plant 
1 52 T(IoSS)1 . 2 ,3 I :,� "" !kg) ' Without BP r-, I Cal c u l ate 1 ";';'m�1 E, 61 02 88 b r T(loss)4 ,S ,6 : kg) Without BP • Area of 70.444 I 
. " r Brine flash r, . Preheaters s m2 C) Ue 3 87 m \ 1 25 
. 
OISti flash ! r -, Feed 73. E:5 �. NCG% I r (kg/s) (C) f22 9G • ..i V .. . ro- (kg/s) (m) 1 0254 Rfi X (g/kg) 73.1 1 
(m) 1 .024 RIO � ' ro-; TV 61 49 
:(m/s) � Kw(Kw/m2 rn-' (C )  .!- . • J C )  T b  I 52.E;3 (C) 
Temp diff �: 
BPE 1 0.78 
Cr • I 1 . 70 
Ra � 
Cooling I 5.34 80 -: water ( kg/s) 
SA 1 35. 1 6  
61 02 88 : 
I 32784 •. 
? "71=: .J. ( ;J 
� 
22 87 
1 72.88 � 
I 58 00 
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(C) P4.4 NCG% � (kg/s) , i 
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96' 
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Cr I 1 .70 
Ra I IT 7S 
Cooling r 5:34 oS-: 
water ( kg/s) 
SA J 1 95.07 , 
16724 52 
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I . 79.85 
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S u m .  
Summarizing Evapora tor values 
Vapor  out  
T e m p .  F low 
(C) (kg/s) 
4 3 . 7  1 6 .26 
4 7 . 5  1 5 . 8 9  
5 1 . 1  1 5 .34 
5 4 . 4  2 2 . 3 3  
5 4 . 4  22 .30 
5 8 . 0  22.99 
58 .0  2 2 . 9 7  
6 1 . 6  2 3 . 6 1  
6 1 .6 2 3 . 60 
1 85 . 3 0  
A rea U-va l u e  
(m2) kW/(m2,C) 
4 , 1 93 . 8  2 . 93 
4 , 1 93 . 8  3 . 1 7  
4 , 1 9 3 . 8  3 . 5 5  
5 , 99 1 . 1  3 . 6 1  
5 ,99 1 . 1  3 . 6 1  
5 , 99 1 . 1  3 .75  
5 ,99 1 . 1  3 . 7 5  
5 , 9 9 1 . 1  3 . 8 7  
5 , 9 9 1 . 1  3 . 87 
48,528 . 1  





5 2 . 0  
5 5 . 3  
5 5 . 3  
5 8 . 9  
5 8 . 9  
6 2 . 5  
62 . 5  
L i q u i d  out 
Cone. Flow Boi l  p e l  
(mf) (kg/s) (C) 
0 . 073 458.29 0.8 
0 . 073 420 .81  0 . 8  
0 . 073 382.93 0 9  
0 . 072 1 72 . 76 0 9  
0 . 073 1 7 1 .74 0 .9 
0 . 073 1 1 5 04 0 . 9  
0 . 073 1 1 4 . 00 0 . 9  
0 . 074 56.68 1 . 0 
0 . 074 56.69 1 0 
07/0 1 /02 03 1 5 00 
Summarizing Evapora tor values 
Vapor out 
Eva porator T e m p .  F low Area U-va lue 
N o  (C) (kg/s) (m 2) kW/(m2, C) 
8 7  4 3 . 8  1 5 . 76 4 ,656.2 
76 4 7 . 5  1 5 . 5 1  4 ,656.2 
66 51 0 1 5 .08 4 ,656.2 
50 5 4 . 3  2 2 . 58 6 , 65 1 . 2 
49 54 . 3  22.39 6 , 65 1 . 2  
3 4  5 7 . 9  2 3 . 2 1  6 ,65 1 . 2  
3 0  5 7 . 9  2 3 . 0 4  6,65 1 . 2 
9 6 1 . 5  2 3 . 6 7  6 , 65 1 . 2  
7 6 1 . 5  2 3 . 8 1  6 , 65 1 . 2  
S u m  1 8 5 . 04 5 3 , 8 7 5 . 8  
______ � ____ � ____ cl....lnL1O 1 ()f 1 
2 .68 
2 .87 
3 . 1 8 
3 .23 
3 . 2 3  
3 . 35 
3 .35 
3 .44 
3 . 44 
Tem p  
(C) 
44 . 7  
4 8 . 4  
5 1 . 9  
5 5 . 2  
5 5 . 2  
5 8 . 8  
5 8 . 8  
6 2 . 5  
6 2 . 5  
Liqu id  out 
Conc. Flow BOi l  p el  
(mf) (kg/s) (C) 
0 . 073 457 49 0 8  
0 .073 41 9 57 0 9  
0 073 381 35 0 9  
0 . 073 1 7 1 .62 0 9  
0 . 073 1 7 1 .08 0.9 
0 0 73 1 1 4 .22 0 . 9  
0 . 073 1 1 3 .49 0.9 
0 . 074 56 .43 0 .9  
0 . 074 56 .29 0 . 9  
0710 1 /02 03.23 4 5  
Evaluation for Layyah Plant 
Vq;IJ�· ' 
j 294. 1-E 
Feed 1 ;32.31 851 f132 31"851 [1 32.31 851 [89 546381 r 89 546381 
1554 [51.7 r 51 .7- �- r 42 l�$ 
ne Tb(C) f 62. 1 [596- f 55�8 r 50.i r -45.S Vapor [40.08847� I' 3�i 94658' [40.098231 127 1 41 61 ' 
i
29962i I Calculate ] I(g/s aporator 1 91 00 f 91 00 f 91 00 [4446 1 4446 e<;l MZ rfiii9!f 1 92.22033: f4a -- , Tmlx'(C) yaQum r 8'0- Brille [92.23008� r,404761 ,5:'"24675. in glkg Kgls 
lOut g/kg f68.8 Tn(C) 145.6 
Val)OI' Temp. 161 . 17404.' [58 68638'- 1'54.90495: 149 82956. 14.75379, 
[197
- Tow(C) r'f3 - (C) I Tm(C) 
(C) for EJC fT97 NCG% fD.
1 
X of brine r86354� ,8.75776' f68.870831 [68. 87657! FS76471 
Ts(C) � Loss " F  
glKg 
flallh (0-1 ) r 6ri fI��h (O�1 ) r�- BPE 1 0. 725955: I 0.71 3618' . . 10.69504( [!l6704371 ,.-646205: 




135349001' 13. 1 33687: 
.. .





1&3083221 Product 1 293.1 2041 Motive 181659� 
l<g/� II(Cltm kg/$ 
Entrain vapor 1 5'-'9724'01 Xou.t 1 68.69438�' 
I(g/s glkg 
C()oling water 192.4075� 

























31 .73 4,446.0 
30.82 4,446.0 
38.77 9 , 1 00.0 
38.70 9 , 1 00.0 
38.37 9, 1 00 .0 
38.30 9 , 1 00.0 
39 .56 9 , 1 00.0 
39 .56 9 , 1 00.0 
295.82 63,492.0 
U-value Terno 
kW/(rn2,C) I (C) 
3.38 45.5 
3 .35 50.6 







Cone. Flow Boi l .p .  el, 
(mf) (kg Is) (C) 
0 .069 678.84 0.8 
0.068 621 .05 0.8 
0.068 282.08 0.8 
0.068 280.56 0.8 
0.067 1 88.61 0.8 
0.068 1 87.02 0.8 
0.068 93.08 0.9 
0.068 93.08 0.9 
REAL TIM E  VALUE LIST 23/1 0/0 1 1 1 : 1 7  
DESALI NATION U N IT 1 0  P ROCESS 
TAG D ESCRIPTION CALC U L  VALU E  U N IT 
1 0W B0 1 T 1  C E LL 1 A  TEMP E RATU R E  R EAL 62.0 Deg C 
--1 b 
1 0WB02T1 C E LL 1 B TEMP E RATURE R EAL 6 1 .7 Deg C Tb 
1 0WB03T1 CELL 2A TEMPERATU RE R EAL 59.7 Deg C 11':7 
1 0WB04T1 C E LL 2B TEMPERATU R E  R EAL 59.8 Deg C Jh 
1 0WB04T 1 0 B R I N E  C E L L  3 TEMPERATU RE R EAL 55.7 Deg C I/:> 
1 0WB05T1 B R I N E  CELL 3A T E M P E RATURE R EAL 55.7 Deg C Tb 
1 0WB06T1 B R I N E  CELL 3 B  T E M P ERATURE R EAL 5 5 .6 Deg C 
1 0WB07T1 B R I N E  CELL 4 T E M P ERATU RE R EAL (50 .6, Deg C I 
1 0WC30F1  CONDENS.  FROM EVAP. FLOW R EAL 1 1 1 . 9 T/h '� 1 0WC30 Q 1  C O N D E N SATE F R O M  EVAP. CONDUCT. R EAL 2 . 8  uS/em 
1 0WC40T1 C O N D E N S .  RETURN FROM EVAP.  TEMP R EAL 66.2 Deg C 
1 0WC4 1 T 1  C O N D o  R ETRN AFTER P R E H EATE R  T E M  R EAL 1 87.4 Deg C 
1 0WC55F1  C O N  D E N S .  R E C I R C .  F LOW R EAL 238 . 1  T/h 
1 0WC57 Q 1  C O N D E N S .  RECIRC.  CONDUCTIVITY R EAL 1 54 . 9  uS/em 
1 0WC57Q2 CON DENS. RECIRC. PH R EAL 1 0 . 1  pH 
1 0WC60T1 C O N D o  BEFORE PREH EATER TEMP R EAL 202 . 5  Deg C 
1 0WC6 5 F 1  C O N D E N SATE TO N ETWORK F LOW R EAL 1 03.2 T/h 
1 0WC6 5 P 1  C O N D E N SATE TO N ETWO RK P RESS U R E  R EAL 4.4 bar 
1 0WC65P2 C O N D E N SATE AFTER P R E H EATE R  PRE R EAL 1 4 .0 bar 
1 0WC65T1 C O N D E N SATE AFTER P R E H EAT ER TEM R EAL 87 . 1  Deg C 
1 0WC67 Q 1  C O N D E N SATE CONDU CTIVITY R EAL 3 .6 uS/em 
1 0WD2 0 F 1  D I STI L LATE FLOW R EAL 1 044 . 1  T/h 
1 0WD30Q 1 D I STI LLATE CONDUCTIVITY REAL 3 . 0  uS/em 
1 0WE05L2 CELL 5 B R I N E  LEVEL R EAL 60.8 % 
1 0WE05T1 B R I N E  CELL 5 T E M P E RATURE R EAL (45�5-) Deg C T 
1 0WE06L2 D I STI LLATE C O N D o  LEVEL R EAL S9A % 
1 0WE06P3 D I STI LLATE C O N D o  VAPO U R  PR ESS R EAL -0 .9 bar  
1 0WE06T1 SW I N LET COND ENSER TEMP R EAL 3 1 . 4  Deg C 
1 0WE06T3 S EA WATE R  OUTLET DISTI LLATE C O N D o  TE R EAL 42.8 Deg C 
1 0WE06T5 D I STI LLATE CONDENSER TEMP R EAL i43 .9 ' f' Deg C -r" 
1 OWH 0 1  L 1  ST EAM TRAN S .  R EC I R C .  LEVEL R EAL 82.2 % 
1 0WH01 L2 STEAM TRAN S F  C O N D o  LEVEL R EAL -0 . 5  % 
1 0W M 1 0 P 1  I P  STEAM PRESSURE R EAL 1 5 .9  bar  
1 0WM 1 0P2 I P  STEA M  I N LET PRESSURE R EAL 1 6 . 1  b a r  
1 0W M 1 0T 1  I P  STEAM I N LET TEMP E RATU R E  R EAL ,203.2 Deg C 
1 0WS 1 0P 1  SW DEBRIS F ILTER D I F F .  PRESSURE R EAL 45:'6 mbar  
1 0WS55F1  S EA WATE R  MAKE U P  F LOW R EAL 3294.6 T/h 
1 0WS55P5 SW MAKE U P  STRAI NER D I F F .  P RESS R EAL -4 . 3  m b a r  
1 0WS61 F 1  SW MAKE U P  CELL 5 F LOW R EAL 287.8 T/h F ---
1 0WS62 F 1  S W  MAKE U P  CELL 4 FLOW R EAL 286 . 0  T/h r-Lf 
1 0WS71 F 1  SW MAKE U P  CELL 3A F LOW R EAL 483.3  T/h 
1 0WS7 2 F 1  S W  MAKE U P  C E L L  2A F LOW R EAL 426 . 5  T/h 
1 0WS81 F 1  SW MAKE U P  CELL 3 B  F LOW R EAL 475.9 T/h 
1 0WS82 F 1  SW MAKE U P  C E LL 2 B  F LOW R EAL 394.9 T/h -
/' 
1 0WS93 F 1  S W  MAKE U P  C E LL 1 B F LOW R EAL 5 1 2 . 3  T/h ] 1 0WS94 F 1  S W  MAKE U P  CELL 1 A  F LOW REAL 502.6 T/h 
1 0WV 1 0 P 1  I P  STEAM T O  EJECTO. A PRES R EAL 1 4 . 2  bar  
1 0WV1 0T2 IP STEAM TO EJECTO. A TEMP R EAL 1 92 . 2  Deg C 7M 
1 0WV 1 0F 1  I P  STEA M  T O  EJECTO. A F LOW R EAL G..6D T/h 
1 0WV1 0T 1  EJ ECTOC O M P RESSOR A T E M P  R EAL 65 .8  Deg C � 
1 0WV20 P 1  I P  STEAM T O  EJECTO. B PRES REAL / 1 4 . 1  / bar  
1 0WV20T2 IP STEAM TO EJECTO. B TEMP REAL 1 97 .2 Deg C 
1 0WV20 F 1  I P  STEAM T O  EJECTO. B FLOW REAL 57.9 T/h 
1 0WV20T1 EJECTOC O M P RESSOR B TEMP REAL 65 .9  Deg C i '> 
p�����------------------�-----------------
REAL T I M E  VAL U E  LIST 2 3/1 0/0 1 1 1  : 1 7 
D ESALI NATI O N  U N IT 1 0  M OT O R S  
TAG D ESCRI PTION CALC U L  VALUE UNIT 
1 0WB20 1 1  B R I N E  P U M P  1 MOTOR CURRENT R EAL 24 .7  A 
1 0WB2012 BRINE P U M P  2 MOTOR CURRE NT R EAL 0.0 A 
1 0WB20T1 B R I N E  P U M P  1 NDE TEMPERATURE R EAL 57.0 Deg C 
1 0WB20T 1 0  B R I N E  P U M P  2 N D E  BEARING TEMP R EAL 36.8 Deg C 
1 0WB20T 1 1 B R I N E  P U M P  1 MOTOR DE B EARI N G  T E M P  R EAL 58.0 Deg C 
1 0WB20T 1 2  B R I N E  P U M P  2 MOTOR D E  BEAR I N G  TEMP R EAL 36.1  Deg C 
1 0WB20T 1 3 1  B R I N E  P U M P  1 M OTOR WINDING TEMPERA R EAL 73 .5  Deg C 
1 0WB20T 1 4 1  B R I N E  P U M P  2 MOTOR WINDING T E M P E RA R EAL 36.5 Deg C 
1 0WB20T 1 3 2  B R I N E  P U M P  1 MOTOR WINDING TEMP ERA R EAL 72.4 Deg C 
1 0WB20T 1 42 B R I N E  P U M P  2 MOTOR WINDING T E M P E RA REAL 37 .3  Deg C 
1 0WB20T 1 3 3  B R I N E  P U M P  1 M OTOR WINDING TEMP ERA R EAL 73 .8  Deg C 
1 0WB20T 1 43 B R I N E  P U M P  2 M OTOR WINDING TEMPERA R EAL 35 .5  Deg C 
1 0WB20T3 B R I N E  P U M P  1 D E  TEM P E RATURE REAL 52.5 Deg C 
1 0WB20T4 B R I N E  P U M P  2 DE TEM PE RATURE R EAL 4 1 . 1  Deg C 
1 0WB20T9 B R I N E  P U M P  1 MOTOR NDE B EARI N G  T E M F  R EAL 5 0 . 1  Deg C 
1 0WB20T2 B R I N E  P U M P  2 NDE TEMPE RATURE R EAL 3 8 . 5  Deg C 
1 0WC 3 0 1 1  C O N D E N SAT E P U M P  1 M OTOR C U R RENT R EAL 1 1 3 .4 A 
1 0WC3012 C O N D E N SATE PUMP 2 M OTOR CURRENT R EAL 2 . 1  A 
1 0WC30T1 C O N D E N SATE P U M P  1 N D E  T E M P  REAL 8 5 . 3  Deg C 
1 0WC30T2 C O N D E N SATE P U M P  2 NDE T E M P  R EAL 4 1 .4 Deg C 
1 0WC30T3 C O N D E N SATE P U M P  1 D E  T E M P  R EAL 86 . 1  Deg C 
1 0WC 30T4 C O N D E N SATE P U M P  2 D E  T E M P  R EAL 20 .7  Deg C 
1 0WC54 1 1  C O N D E N S .  RECIRC P U M P  1 C U RRENT R EAL 23.5  A 
1 0WC5412 C O N  D E N S .  R E C I RC PUMP 2 C U RRENT R EAL 0 . 8  A 
1 0WC54T1 C O N D o  R EC I R C  PUMP 1 D E  TE M P  REAL 69.0 Deg C 
1 0WC54T2 C O N D o  R ECIRC P U M P  2 DE TE M P  R EAL 59.0 Deg C 
1 0WC54T3 C O N D o  R ECIRC P U M P  1 NDE TEMP R EAL 8 1 .4 Deg C 
1 0W C 54T4 C O N D o  R ECIRC P U M P  2 NDE TEMP R EAL 75.6 Deg C 
1 0WC54T5 R EAL 0 .0 
1 0WC 54T6 R EAL 0.0 
1 0WD2011  D I STI LLATE P U M P  1 MOTOR C U RRENT R EAL 25.2 A 
1 0WD2012 D I STI LLATE P U M P  2 MOTO R  C U RRENT R EAL 0 .0 A 
1 0WD20T1 D I STI LLATE P U M P  1 NDE TEMP R EAL 69. 1 Deg C 
1 0WD20T 1 0  D I STI LLAT E P U M P  2 M OTOR N D E  B EAR .TEfI. R EAL 37 .2  Deg C 
1 0WD20T 1 1 D I STI LLATE P U M P  1 M OTOR DE BEAR .TEMF R EAL 6 1 .6 Deg C 
1 0WD20T 1 2 D ISTI LLATE P U M P  2 M OTOR DE BEAR .TEMF R EAL 36. 9 De�C 
1 0WD20T1 3 1  D ISTI LLATE P U M P  1 M OTOR W I N D I N G  T E M F  R EAL 82.6 Deg C 
1 0WD20T 1 4 1  D I STI LLATE P U M P  2 MOTOR W I N D I N G  T E M F  R EAL 42.0 Deg C 
1 0W D20T 1 32 D ISTI LLATE P U M P  1 MOTOR WINDING T E M F  R EAL 8 0 . 3  Deg C 
1 0W D20T 1 42 D I STI LLATE P U M P  2 MOTOR WINDING TEMF R EAL 37.2 Deg C 
1 0WD20T 1 33 D I STILLATE P U M P  1 MOTOR W I N D I N G  TEMF R EAL 79 .4 Deg C 
1 0WD20T1 4 3  D I STI LLATE P U M P  2 M O T O R  W I N D I N G  TEMF R EAL 36.4 Deg_ C 
1 0WD20T3 D I STI LLAT E P U M P  1 DE TEMP R EAL 7 1 .7  Deg C 
1 0WD20T4 DISTI LLAT E P U M P  2 DE TEMP R EAL 4 1 .9  Deg C 
1 0WD20T9 D I STI LLATE P U M P  1 M OTOR NDE B EAR.TErv R EAL 54 .7  Deg_C 
1 0WD20T2 D I STI LLATE P U M P  2 NDE T E M P  REAL 4 1 . 7  Deg C 
1 0WS551 1 BOOSTER PU M P  1 MOTOR CU RRENT R EAL 42.9 A 
1 0WS5512 BOOSTER P U M P  2 MOTOR CU RRENT R EAL 0 .0 A 
1 0INS55T1 BOOSTER P U M P  1 N D E  TEMP R EAL 59 .5  Deg C 
1 0WS55T 1 0 BOOSTER P U M P  2 MOTOR N D E  BEAR. TEM R EAL 34.2 Deg C 
1 0WS55T 1 1 BOOSTER P U M P  1 M OTOR DE BEAR. TEMP R EAL 67.0 Deg C 
1 0WS55T 1 2 BOOSTER P U M P  2 MOTOR DE B EAR. TEMP R EAL 33 .2  Deg C 
1 0WS55T 1 3 1  BOOSTER P U M P  1 MOTOR W I N D I N G  TEMP R EAL 9 1 . 5  Deg C 
1 0WS55T1 4 1  BOOSTER P U M P  2 MOTOR W I N D I N G  TEMP R EAL 36 .7 Deg C  
1 0WS55T 1 32 BOOSTER P U M P  1 MOTOR WINDING T E M P  R EAL 9 0 .2 Deg C 
1 0WS55T 1 42 BOOSTER P U M P  2 MOTOR WINDING TEMP R EAL 33 .4  Deg.C 
1 0WS55T 1 33 BOOSTER P U M P  1 M OTOR WINDING T E M P  R EAL 88.4 Deg C 
1 0WS55T 1 43 BOOSTER P U M P  2 M OTOR W I N D I N G  TEMP R EAL 3 3 . 1  Deg C 
1 0WS55T3 BOOSTER P U M P  1 D E  TEMP REAL 60.4 Deg C 
1 0WS55T4 BOOSTER P U M P  2 D E  TEMP R EAL 35.9 Deg C 
1 0WS55T9 BOOSTER P U M P  1 M OTOR NDE BEAR . TEM R EAL 54.6 Deg C 
1 0WS55T2 B OOSTER P U M P  2 N D E  TEMP R EAL 3 5 . 5  Deg C 
Evaluation for Umm Al- Nar Plant 
Cell 1 Cell.2 Celt.3 CeliA ' Ce1l 5 CeliS 
kg/s I 1 85 47 
T(C) � I 52 � � J Ta 31 / 41 .06' 1 41 06 
Tb(C) [62� 1 58 45 55 I 51 32 I 48 99 45.34 
f 6724' r-S724' I 4453 r 4453 I 4453 orator 1 6724 a M2 
g/kg r 52 Tn(C) r 45.34 Ts(C) I 64.05 
t glkg r73 Tow(C) r 28 29- Tmi)« C) f70 vaoum 
m(C) 124 36 - NCG% 1 1 Sri flash r -(0.1 ) I 1 
) for EJC r1 91-.9� Loss 1 .2 Dls.flash r (0-1 )  
Evaporator 





V"'PQ r Tcmp. 
(C) 







Cooling " ater 
l<gI� 
CcH. l CeU.2 CelU Cell.4 CelJ.5 CeU.6 
1 80 436391 r 80 436391 r 80 436391 1 54 0070,: 154 00701 : I I I 54 00701 : 
123 1 45551 1'22 831 60. 122 757830 11 5 68412! r 1 3  1 2390' 1 1 3 873341 
r 57.29083 
I 
r 57 6047f f 57,678551 r383i289. r 40 88311 . r 40 1 3367. 
161 .0; 608: f57 48498i /54.0531 6! 150.392351 r48 074401 / 44 4431 01 
173. 00805. I' 72 '61 01 51 r72. 5172a; r· 281 65' r 68 69253: 169 975281 
I 0 78391 1 :  ! 0 76501 31 f 0 i468341 f 0 7276441 f 0 71 5599. 1 0  696894' 
f4 0749981 ,3. 1321-071 ,.2467931 12 900405' f5 076117 r 2.806921 1 
18.0969061 Product f1 85.5658- Motive r ii 70965 kgfs $te-'.lm kgls 
1 
r 26 0721 51 Xout 1 73:01933 g/I�g 










1 1  
9 










6 1 .0 
61 .0  
V;iPDf Qut 
F low Area 
(kg/s) (m2) 
1 6 .24 4,453.0 
1 3.59 4,453.0 
1 8 .42 4,453.0 
22.96 6 ,724.0 
22.96 6 ,724.0 
22.55 6 ,724.0 
22. 55 6,724.0 
23.08 6,724 .0 
23.08 6,724.0 





3 . 1 8  51 .3  
3. 1 4  54.9 
3 . 1 4  54.9  
3.08 58.4 
3.08 58.4 
3.98 61 .9 
3.98 61 .9 
Liquid out 
Conc. Flow Boi l .p .  el 
(mf) (kg/s) (C) 
0 .073 459 . 1 9 0.8 
0.073 421 .60 0.9 
0 .073 381 .36 0.9 
0.072 1 75.35 0.9 
0.072 1 75.35 0.9 
0.072 1 1 7.08 0.9 
0 .072 1 1 7.08 0.9 
0 .073 58.40 0.9 
0 .073 58 .40 0.9 
U M M  AL NAR WEST U NIT 9 & 1 0  DESALINATION PLANT 
DAILY REPORT 
DESALINATION U N IT 1 0  
TAG DESC RIPTION TYPE 
10WC10F1 1 SEA WATER INLET FLOW AVG 
1 0WC20T3T SW INLET BEFORE PREHTR TEMP AVG 
--40WC20T4T SW INLET TO CONDENSER TEMP AVG 
10WC30T2T SW AFTER CONDENSER TEMP AVG 
10WEOH2T EJECTOCOMP A OUTLET TEMP AVG 
10WE02T2T EJECTOCOMP B OUTLET TEMP AVG 
1 0WE07P3T CONDENSER PRESSURE AVG 
10WE07T1 I CONDENSER TEMPERATURE AVG 
1 0WFOOL1 1 CELL 6 BRINE LEVEL AVG 
1 0WF04TH CELL 4 BRINE OUTLET TEMP AVG 
1 0WF05TH CElL 5 BRINE OUTLET TEMP AVG 
1 0WF1 0T1 T CELL 6 BRINE OUTLET TEMP AVG 
1 0WF1 H1 T CELL 1A BRINE OUTLET TEMP AVG 
1 0WF1 2TH CELL 1 B  BRINE OUTLET TEMP AVG 
1 0WF20EH BRINE PUMP MOTOR CURRENT AVG 
1 0WF20FH BRINE DISCHARGE FLOW 'V='''-- __ ''' AVG 
1 0WF20P3T BRINE DISCHARGE PRESSURE AVG 
1 0WF20TH BRINE PP DRV END BEAR TEMP AVG 
1 0WF20T4T BRINE PP SHAFT END BEAR TEMP AVG 
1 0WF21 T1T CELL 2A BRINE OUTLET TEMP AVG 
1 0WF22TH CELL 2B BRINE OUTLET TEMP AVG 
10WF30T1 1 CELL 3 BRINE OUTLET TEMP AVG 
1 0WF3HH CELL 3A BRINE OUTLET TEMP AVG 
1 0WF32TH CELL 3B BRINE OUTLET TEMP AVG 
1 OWH1 OF1 I  LP STEAM TO STEAM TRFR FLOW AVG 
10WH10P1T LP STEAM TO STM TRFR PRES AVG 
1 0WH1 0TH LP STEAM TO STM TRFR TEMP AVG 
1 0WH1 1 F1 1  LP STEAM TO EJECTOCMP�FLOW AVG 
1 0WH1 1 PH VAPOUR EJECTOCM P  A DIFF PRES AVG 
10WH1 1 P3T LP STEAM TO EJECTOCMP A PRES AVG 
10WH1 H3T LP STEAM TO EJECTOCMP A TEMP AVG 
1 0WH 1 2F 1 1  LP STEAM TO EJECTOCMP�FLOW AVG 
1 0WH1 2PH VAPOUR EJECTOCMP B DIFF PRES AVG 
1 0WH1 2P3T LP STEAM TO EJECTOCMP B PRES AVG 
1 0WH1 2T3T LP STEAM TO EJECTOCMP � TEMP AVG 
10WJ 1 1 FH TRISODIUM PHOSPHATE FLOW AVG 
1 0WJ1 1 FH TRISODIUM PHOSPHATE FLOW TOT 
1 0WJ1 2FH SODIUM SULFITE FLOW AVG 
1 0WJ1 2FH SODIUM SULFITE FLOW TOT 
1 0WK01 L3T ANTISCALE TANK 1 LEVEL REAL 
1 0WK02L3T ANTISCALE TANK 2 LEVEL REAL 
1 0WK1 1 FH ANTISCALE TO SEA WATER FLOW AVG 
1 0WK1 1 F1 T  ANTISCALE TO SEA WATER FLOW TOT 
1 0WL01 L3T ANTI FOAM TANK 1 LEVEL - REAL 
1 0WL02L3T ANTIFOAM TANK 2 LEVEL REAL 
1 OWl1 1 F1 T  ANTI FOAM TO SEA WATER FLOW AVG 
1 OWL 1 1  FH ANTIFOAM TO SEA WATER FLOW TOT 
1 0WMOOl1 1 CONDENSATE STEAM TRFR LVl AVG 
1 0WM20EH CONDENSATE PP MTR CURRENT AVG 
1 0WM20FH CONDENSATE FLOW AVG 
1 0WM20F1 T  CONDENSATE FLOW TOT 
1 0WM20P3T CONDENSATE DISCHARGE PRES AVG 
10WM2OT1 T CONDENSATE TEMPERATURE AVG 
1 OWM22Q1 T CONDENSATE CONDUCTIVITY AVG 
1 0WNOOl1 1 STM TRFR LVl AVG 
10WNOHH CElLi A CONDENSATE MK UP TEMP AVG 
1 0WN02TH CElli B CONDENSATE MK UP TEMP AVG 
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37. 1 7  ·C 
58.40 ·C] 'T" 
58.56 'C \ 'v 'Z.. 
55.00 
54.85 














1 1 6.35 
0.28 
0.78 












2� :� 64.� 























(,'1 . 1 -
DAlLY REPORT 
DESALINATION U N IT 1 0  
TAG DESCRIPTION 
10WN20E1 T  COND MK UP PP MTR CURRENT 
10WN20F1 T  CONDENSATE MAKE UP FLOW 
10WN20F1 T  CONDENSATE MAKE UP FLOW 
1 0WN20P3T CONDENSATE MAKE UP PRES 
1 0WN20Q1 T  CONDENSATE MK UP CONDUCT 
1 0WN20Q2T CONDENSATE MAKE UP PH 
1 0WN20T2T CONDENSATE MAKE UP TEMP 
1 0WN60F1 1 STM TRFR RECIRC FLOW 
10WN61 Q1T  STM TRFR CONDUCT 
1 OWN61 Q2T STM TRFR PH 
1 0WN80E1 T  STEAM TRF RECIRC PP MTR CUR 
1 0WN80F1 1  STEAM TRF RECIRC PP FLOW 
10WN80P3T STEAM TRF RECIRC PRES 
10WPOOL1 1 CONDENSER DISTILLATE LEVEL 
10WP20E1 T  DISTILLATE PUMP MTR CURRENT 
1 0WP20FH DISnLLATE FLOW 
10WP20FH DISTILLATE FLOW 
1 0WP20F1 T  DISTILLATE FLOW FOR PROD 
1 0WP20P3T DISTILLATE PRESSURE 
1 0WP20T1 T DISTILL PP DRV END BEAR TEMP 
10WP20T4T DISTILL PP SHFT END BEAR TEM 
1 0WP20T6T DISTILL BEFORE SW PHTR TEMP 
10WP40T7T DISTILLATE AFTER SW PHT TEMP 
10WP40Q1 T  DISTILLATE CONDUCTIVITY 
1 0WQ1 0F1 1 MP STEAM TO EJECTORS FLOW 
1 OWQ10P1T MP STEAM TO EJECTORS PRES 
10WQ1 0TH MP STEAM TO EJECTORS TEMP 
10WW30T1 BOnOM TEMPERATURE 
1 OWZ01T7T SW M K  UP  BFR EJEC COND TEMP 
10WZ01T8T SW MK UP AFT EJEC COND TEMP 
10WZ04F1 T SEA WATER TO CELL 4 FLOW 
10WZ05F1 T SEA WATER TO CELL 5 FLOW 
10WZ06F1T  SEA WATER TO CELL 6 FLOW 
10WZ1 1 F1 T  SEA WATER TO CELL 1A FLOW 
10WZ1 2F1 T  SEA WATER TO CELL 1 B  FLOW 
10WZ2.1 F1T SEA WATER TO CELL 2A FLOW 
1 OWZ22F1 T SEA WATER TO CELL 2B FLOW 
10WZ30T1 T SW M K  UP  BTW EXCHANGER TEMP 
1 0WZ31F1T  SEA WATER TO CELL 3A FLOW 
1 0WZ32F1T SEA WATER TO CELL 3B FLOW 
10WZ40E1 T  SW M K  UP CIRC MTR CURRENT 
1 0WZ40F1 1 SEA WATER MAKE UP FLOW 
10WZ40T4T SWMK UP CIR MTR SHT BRG TEMP 
10WZ40T6T SWMK UP  CIR MTR DRV BRG TEMP 
10WZ40T7T SW MK UP CIRC DRV BEAR TEMP 
1 0WZ40T1 01 SW MK UP CIRC MTR WDING TEMP 
1 0WZ40T1 1 1  SW MK UP CIRC MTR WDING TEMP 
10WZ40T121 SW M K  UP CIRC MTR WDING TEMP 
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3�:�� �� 4;,7 34.1 5 ·C :y 
44.41 ·C \ t� 
34.44 ·C ,¥J e') 1 1 .82 � m,/" "\ 3.61 ®" � Ll'-l c...� ) .....J..2.1-Q, bar \ N" 
�� '\f- \ 55.00 ·C � __ 
52.06 ·C ---'» \ � 1,./ � 
55.04 ·C 
1 93.25 t1h 
1 92.30 tIh 
21 6.32 t1h 
295.51 t1h 
290.34 tIh 
289.10  tIh � � � \t� 




37. 12  ·C 
38.90 ·C 
63.69 ·C 
63.23 ·C 
63.51 ·C 
39.84 'c 
